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Physics. — “A new method for determining the rate of decrease 
of the radiating power from the center toward the limb of 
the solar disk”. By Prof. W. H. Junms. 


(Communicated in the Meeting of January 27, 1906) 


The brightness of the solar disk is known to diminish considerably 
from the center toward the limb. Although this prominent feature 
of the solar phenomenon should be among the first accounted for in 
every theory of the Sun, it leads to problems presenting so many 
difficulties, that a satisfactory explanation is, until now, altogether 
wanting. And even the empirical study of the law according to 
which the radiating power varies across the disk, is not very advanced. 

What we know about the question is founded on researches in 
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which either a photometer, or a thermopile, a bolometer or a radio- 
micrometer was used for exploring an image of the Sun. The results 
obtained by different observers are rather discordant'). This may be 
partly due to instrumental or accidental errors, but there is also a 
systematical error which must have influenced similarly all of the 
results thus obtained, and which proceeds from the scattering of the 
rays by the terrestrial atmosphere. In any point of an image of the 
Sun is not only to be. found the radiation coming from the corre- 
sponding point of tbe disk, but, besides, some diffused radiation 
proceeding from other parts of the disk. This disturbing effect will, 
of course, vary in magnitude with the condition of our atmosphere, 
but it will always act in a levelling way, parts of the image Iying 
near the edge receiving more diffused -radiation from the middle 
parts ol the disk, than receive tlıe central parts of the image from 
the marginal parts of the disk- 

We may completely avoid this source of error by using a method 
in which the. radiating power of the different parts of the disk is 
caleulated from observations made on the occasion of a total eclipse 
of the Sun. 


Let us suppose the curve, representing the intensity of the solar 
radiation from the first until the fourth contact as a function of time, 
to be exactly known?). The curve will show us by how much the 
total radiation has increased or decreased between any two epochs. 
Every (positive or negative) inerement is exclusively due to rays 
coming. from that strip of the solar disk through which the Moon’s 
limb has appeared to move between those very epochs. 

Suppose the time after third contaet to be divided into equal 
intervals of, say, 2 minutes, and the position of the Moon’s limb 
at the end of each interval delineated on the solar disk, then the 
latter will be divided into 39 narrow strips, successively contributing 
the Anown quantities a, d, c, d,.. to the total radiation. 

Now, let us distinguish n concentrie zones on the solar disk and 
denote by 2, 28 ,.. . x, the radiation coming from these zones per 


1) Of. J. SCHREINER, Strahlung und Temperatur der Sonne, p. 43—49 (1899). 

?) It is well known that, at Burgos, the observation.of the eclipse of August 30, 
1905, has not been favoured with a clear. sky (Cf. the Preliminary Report in the 
Proceedings of the Meeting of November 25, 1905). Nevertheless, the measurements 
of total radiation have yielded some results of sufficient accuracy to justify that, 
in our present investigation, we make use of the radiation curve then secured. 
Further partieulars regarding the observations will soon be published in the 
complete report on our expedition. 
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unit surface. (According to results obtained by Laneuey and by Frost 
we shall suppose the radiating power to vary only with the distance 
from the center, not with the position angle). One of the strips will 
contribute to the radiation : 


d=d.+Jd, 0: + an dı, &, 


if it cuts out of the first zone an area d,, out of the second zone 
an area d, etc. The next strip contributes : 


e = mt ER H4+ =. . nku 
and so on. We get 39 equations from which &,, &3, ..2, may be 
resolved. 


Determination of the coefficients of the n unknown quantities. 


I have found the coefficients d,, d,... . &, &, ..... by weighing. 
On a piece of excellent homogeneous paper the solar disk was drawn 
and divided into a suitable number of concentrie zones, which were 
intersected by arcs representing the Moon’s limb in its successive 
positions. The following astronomical data, necessary for making the 
drawing, have been kindly procured to me by prof. A. A NwLanD. 


contact I II III IV 

position angle 293°,4 104°,5 304°,9 114°,9 

local time 23h 33m 10° O4 51m 585 Oh 55m 395 2h 12m 148 
Moon’s radius : Sun’s radius = 132,8 : 126,8. 


Now the strips were carefully separated from each other and 
weighed (for subsequent control). Then each strip was cut along 
the zone circles, and the pieces were weighed separately. In order 
to make the pieces recognizable, the zones had all been differently 
painted, each with a narrow line of water-colour. The weighings, 
which were accurate to half a milligram, gave the coefficients of 
the unknown quantities 24, Z8....: %,. S0 the unit of area, adopted 
for measuring the surface of the solar disk, corresponds to a piece 
of our drawing paper weighing 1 milligram. 

The breadth of each of the outer five concentrie zones was '/,, 
of the Sun’s radius; then came seven zones with breadth '/,, ofthe 
radius each, leaving round the center a circle with radius '/,,. The 
average distances of the zones from the center, expressed in thou- 
sandth parts of the radius, will now be used as indices @,ß.... of 
our 13 unknown quantities; so these will be written : 


Boysı ggg Varsı Caası Prror Proor Fooor Psoor Vsoor soor Paoo Door Lo 
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On p. 670 the equations are written out. We have confined our- 
selves to 13 equations; increasing this number would not have led 
to greater accuracy, as the values of a,d,c... had to be found from 
the radiation curve, that is by graphical interpolation, in which pro- 
eess it is understood that all of the observations have already been 
taken into consideration. 


Determimnation of the constant terms of the equations. 


Table I contains the results of the observations made at Burgos 
with our actinometer. The second column gives the galvanometer 
deflections, from which the numbers of the third column, representing 
the intensity of the radiation, are calculated '). 

Owing to the clouds there are large gaps in the series of obser- 
vations; but nevertheless, after the results had been plotted down, 
we saw that there was only little room left for fancy when drawing 
the radiation curve in such a way, that closest agreement with the 
observational data was obtained. As a matter of course the curve 
has not been drawn between the series of points, but so as to join 
the. highest points, for the observed values could only be too small. 
Only one exception is made to this rule, the value found at Oh 17m 3s 
being very probably too high by some error or instrumental dis- 
turbance. 

The middle part of the radiation curve has been reproduced on 
the annexed plate. For determining a, b, c,.... we have used the 
part included between Oh 55” and 1% 37m, which was very carefully 
constructed on a larger scale. It deserves notice that the relative 
accuracy of the small ordinates (corresponding to few minutes after 
totality) is nearly as great as that of the larger ones, because 
the galvanometer deflections from which they were calculated are 
all Iying between 118 and 347 scale divisions. Table II refers to 
this part of the radiation curve. In the second column are given 
the ordinates of the curve at the epochs Ob 55” 40° and every 
two minutes later; the unit corresponds to an intensity = 1000, 


1) Particulars concerning the connection between ihe numbers of these two 
columns will be found in the forthcoming report on the Dutch expedition. The 
method and the instruments used al Burgos were the same that are described in; 
“Total Eclipse of the Sun, May 18, 1901. Reports on Ihe Dutch Expedition to 
Karang Sago, Sumatra, N’. 4: Heat Radiation of the Sun during the Eclipse”, by 
W. H. Jursmws. The numbers of the third column are proportional to the total 
radiation coming from a eircular patch of the sky, 3° in diameter, with the Sun 


in its center. 
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TWBRIU Ber 
bl su Wege le zug niherie it aid ie ee 
| Galvano- | Intensity Galvano- | Intensity 
Time. meter- of Time. meter- of, 
\deflections radiation, Ideflections. radiation. 
0 hi m 8 
92 28 48 1750000 0 20 48 128.5 819000 
4444000 || 2nd contact 51 58 
1794000 53.53 3 9 
54 28 13 13 
4794000 55 18 3 33 
1688000 || 3rd contact 55 40 
1631000 55 58 600? 600? 
41745000 57 58 118.5 23000 
58 33 98.5 191°0 
93 458 1610000 59 13 219.5 42700 
41786000 ° 59 53 286 55700 
4792000 41448 232.5 74800 
4736000 228 470 108800 
4st contact 33 152.5 9770 
1430000 
1625000 738 323.5 207000 
41709000 
4712000 2145 331.5 635000 
1715000 29,3 120 665000 
1649000 233 151.5 676000 
1646000 23 58 162 722000 
1627000 94 53 167 745000 
1566000 295 53 174 776000 
1589000 2%6 53 180.5 805000 
41580000 27 53 186.5 832000 
1529000 28 58 194 865000 
1483000 30 8 201 897C00 
1442000 3108 207.5 926000 
1435000 32411 213 950000 
1376000 33 13 220 981000 
34 20 225.5 | 1007000- 
0: 798)... 198 4222000 3525 | 232.5 | 1037000 
853 184 1170000 |) 36 34 237.5 | 1060000 
10 28 477 1127000 
41 43 4.71@5 1091000 215800338 1506000 
43 43 165.5 1054000 38 248 1581000 
14 58 159 4101300 || Ath contact 12 24 
le 450 956000 43 18 258.5 | 1648000 


1928; 136 867000 14 20 260 1657000 
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But this observational curve has to be corrected, owing to the 
eireumstance that in the lapse of time considered the Sun’s altitude 
has diminished. We may proceed as follows. Apart from a possible 
influence of sun-spots or faculae there is no reason why the eclipse 
eurve would not be symmetrical if the Sun’s altitude (and the con- 
dition of our atmosphere) reinained constant. Between 23" and 1t 
the variation of altitude is very small. Now taking Oh 53n 508 as 


TABLE I. TABLE III. 
Ordinates hr 
Time alien corrected Increments 
ER radiation 
curve, 
Er Radiation per unit surface | 
055 40 0 0 a of the concentric zones of 
57 40 %0.41 21 the solar disk. 
32.A=) 
59 40 52.5 52.5 
38.5. = Yo = 0.1595 
1 1% 94.0 94.0 . 
23.9 —U Xoa; = 0.2166 
3.40 436.5 136.5 
i SOSE 202501 
5 40 4187 187 
DA = X2256=20.3023 
720 240 94 
Da X, = 0.3290 
940.) 296 2397 
DO Men an 03488 
44 40 354 355 
HOre—rr Kun =. 0.3662 
413 40 412 4% 
Ei} Xu, = 0.3843 
15 40 472 47% 
6 =A 2 053 
47 40 532 535 
p2=—e) 0 = 0.4278 
19 0 59% 597 
692 =m Xyo = 0.4240 
A 40 655 659 
92 =n X, = 0.4380 
23 40 717 721 
BI) x, = 0.4388 
25 40 776 783 
64.5=p 
374 834.5 844.5 
64 =g 
29 40 891.5 905.5 
00,5 
31 40 947 966 
(6 
33 40 | 1001 1026 
er; 


35 40 | 1053,5 1085.85 
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the epoch of mid-eclipse, we draw a horizontal line through a point 
m corresponding to that epoch. The line cuts the descending hranclı 
of the curve in /; we make mn= ml and thus find a point n of 
the hypothetical radiation curve for constant altitude of the Sun. 
Acting in a similar way for a few more points, we get an idea of 
the magnitude of the smoothly inereasing correetion which is to be 
applied to the ordinates of the ascending branch. K. ÄnGsTRöM’s 
measures of the intensity of the radiation for different altitudes of 
the Sun!) have also been considered in determining the correction. 

The third column of Table II contains the ordinates of the corrected 
curve; in the fourth column are given their successive increments 
which, of course, are the values to be assigned to the absolute terms 
of our equations. 


Results. 


The solution of the equations leads to the numbers of Table III; 
the results are plotted down in fig. 2 on the plate. Through these 
points we have drawn a curve satisfying the condition that its 
curvature should gradually diminish; it shows us the law of variation 
of the radiating power from the edge toward the center of the solar 
disk. Putting the ordinate at the center equal to 100 and expressing 
the other ordinates in the-same unit, we get numbers comparable 
with the results obtained by other investigators. 

The comparison with the spectro-photometrice observations by 
H. C. VogzeL ’) and with the measurements of total radiation made 
with a radio-mierometer by Wırson ’) and with a thermopile by 
Frost‘), is given in Table IV. We,add in Table V the results of a 
spectro-bolometrie investigation by VerrY°), as these numbers have 
been used by Very and by Schuster °) in testing their explanations 
of the phenomenon. 

According to Frosr’s measurements the total radiation appears to 
diminish from the center toward the limb in about the same pro- 
portion as the radiation of wave-length 650uu, whereas my numbers 
show a decrease very similar to that exhibited by rays of wave- 


° 

ı) K. Anesıröm, Intensit& de la radiation solaire & differentes altitudes. Recherches 
faites & Teneriffe 1895 et 1896. 

2) H. C. Vocer, Ber. d. Berl. Akad. 1877, p. 104. 

3) W. E. Wırson, Proc. Roy. Irish Acad. [3], Vol. 2, p. 299, (1892). 

#4) E. B. Frost, Astron. Nachr. 130 (1892), p. 129. 

5) F. W. Very, Astroph. Journ. 16. (1902), p. 73. 

%) A. Schuster, Astroph. Journ. 16 (1902), p. 320; 21 (1905), p. 258, 
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TASBSHBSHV: 


Diane H. C. VogEr’s spectro-photometrie measurements, Total radiation. 
from 
Receiver in solar | Eclipse - 
& SORGT 14054 21440-—446 1467 —4731510-—515|573— 5851658666 image. curve. 
i älck. Jap apa PM PM PM aa | Wırson| Frost | JuLıus 


100.0 | 100.0 |.4100.0 | 100.0 | 100.0 | 100.0 | 100.0 
0.4 99.6 99.7 | 99.7 99.7 99.8 99 9 99.9 99.9 99.8 
0.2 98.5 98.7 98.8 98.7 99.2 995 99.6 9.4 | 98.6 
0.3 96.3 96.8 7. 96.9 98.2 98.9 98.8 98.4 96.6 


0.0 | 100.0 100.0 


[>) 


0.4 (3.4 94.1 94.7 94.3 96.7 98.0 97.3 96.3 94.0 
0.5 88.7 90.2 91.3 90.7 94.5 E6EZ 95.3 93.6 90.3 
0.6 82.4 84.9 87.0 86.2 90.9 94.8 92.5 89 8 85.5 
0.7 74.4 Ziele: 80.8 80.0 84.5 91.0 88.7 84 6 2305 
0.75 69.4 73.0 76.7 75.9 80.1 88.1 75.3 
0.8 63.7 67.0 Ehen! 70 9 74.6 84.3 83.9 1e9 20.4 
0.85 56 7 59.6 65.5 64.7 67.7 790 63.5 
0.9 41.7 50.2 57.6 56.6 59.0 TEN) 74.9 68.0 | 55.0 
0.95 34.7 | 35.0 45.6 44.0 46.0 58.0 (60.5) | 44 0 
1.0 13.0 | 14.0 16.0 | 16.0 25.0 30.0 45.1 (24.0) 
Eu 2 Pa RR 
Distance | F. W. VeEry’s spectro-bolometric measurements. a 
er | 4624 | 468 u | 55012 | 61514 781 ap | AO au | 4500 a 
0.5 85.8 90.2 93.3 198 94.4 94.3 9379 
0.75 74.4 76.4 83.1 84.5: | 88.5 89.4 9.0 
0.95 47.4 46.2 58.7 68.1 74.9 76.5 85.6 


length 510up. At first sight the evidence is in favour of the results 
obtained by Frost, because the maximum of the curve representing 
the energy in the solar spectrum (or perhaps rather the “center of 
gravity” of the enclosed surface) lies eloser to 65044 than to 510g. 
But this argument fails; for the measurements of VosEL and those 


‘of Frost are all disturbed alike by atmospherie diffusion. Had the 


spectro-photometrie observations been free from this influence, then 
the rate of deerease of the radiation from the center toward the 


( 676 ) 


limb wonld doubtless have been found quieker for all wave-lengths, 
and, very probably, the distribution for the region 65044 would have 
proved to agree better with my results than with the uncorrected 
values of Frost. 

Wirson’s measurements seem to have “been influenced by other. 
causes of error still, besides atmospherie scattering, as his numbers 
are greater than those obtained by Frost, and harmonize not as well 
as the latter with the”spectro-photometrie series. 

The observations of Very have given considerably greater ratios 
in the marginal regions than those of VoGEL. Mr. Very himself points 
out the difference, and remarks that the bolometer has an advantage 
over the eye in the red where the heat is great; but I may suggest, 
on the other hand, that instrumental errors (reflection or scattering 
of light by prisms, lenses, tubes, etc.) are easier discovered and 
corrected in spectro-photometrice than in spectro-bolometrie work. 

It seems to me that observing an eclipse-eurve by means of a 
very simple but sensitive actinometer, without lenses or mirrors, 
must yield results concerning the radiation of different parts of the 
solar disk which deserve more confidence than the values hitherto 
obtained in other ways. I wish to lay stress upon the advantages of 
our method, rather than on the reliability of the numbers secured 
at Burgos under not very favourable eircumstances. In a clear sky 
the shape of the eclipse curve will easily be found with very great 
accuracy. 

The same method will also be applicable with radiations covering 
limited parts of the spectrum, if we only put suitable ray-filters 
before the opening of one of the diaphragms in the actinometer. It 
may even be possible, in a future eclipse, to use an arrangement 
which brings several ray-filters by turns before the opening; thus, 
when disposing of a quick galvanometer, one would be able to 
simultaneously determine, with one actinometer, the eclipse curves 
for rays belonging to five or more regions of the speetrum, and the 
results would be independent of selective atmospheric scattering. 


Remarks on the hypotheses used for explaining the distribution of 
the radiating power on the solar disk. 


The diminution of the intensity of radiation toward the limb is 
almost generally ascribed to absorption of the rays by the solar 
atmosphere '), and it is supposed that, in absence of that atmosphere, 


2 J. SCHEINER goes as far as to say: *Eine andere Deutung des Lichtabfalls ist 
nicht zulässig.” (Strahlung und Temperatur der Sonne. p. 40). 
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the photosphere would show itself as an equally luminous disk. But 
then it appears to be impossible to find such values for the thick- 
ness of that atmosphere and for its coefficient of absorption, as to 
give a law for the rate of diminution of brightness, consistent with 
observation. Verr!) e.g. when attributing the effect to absorption 
only, arrives at the absurd result that we should have to assume 
that the absorptive power toward the limb is smaller than that nearer 
the center. He, therefore, suggests the existence of other influences 
which, combining with the absorbent process, would reconeile theory 
to observed facts. Diffraction by fine particles, columnar structure 
of the solar atmosphere, irregularity of the photospherie surface, are 
thus introduced. 

SCHUSTER ?), on the other hand, is of opinion tliat the diffieulty 
which has been felt in explaining the law of variation of intensity 
across the solar disk is easily removed by placing the absorbing 
layer sufficiently near the photosphere and taking account of the 
radiation which this layer, owing to its high temperature, must itself 
emit. He then really finds values for the absorption and the emission 
of that layer, harmonizing with the results of Very’sand Wıuson’s ’) 
measurements, and also with the properties of the energy curve of 
the spectrum of a black body at different temperatures. But, for all 
that, serious doubts as to the correctness of the premise and the 
conclusions must subsist. 

Indeed, the calculations of ScHUSTER as well as those of Very, 
Wıuson, LANGLEY, PICKERING and others, concerning the same subject, 
are based on the assumption that the light travels along straight 
lines through the solar gases, whereas everybody who has duly 
noticed A. Schmipr’s “Strahlenbrechung auf der Sonne” will at the 
least have to give in that rays coming from the outer zones of the 
disk must have followed curved paths through the solar atmosphere. 
By this eircumstance the said caleulations lose their convineing power. 

And besides, the fundamental idea that a considerable portion of 
the photospherie radiation should be absorbed by a thin atmosphere, 
encounters a diffieulty of greater importance still. This point, I 
think, has also first been moved by A. Schmipr. What becomes of 
the absorbed energy accumulating in the atmosphere ? According to 
SCHUSTER e.g. (l.c. p. 322) the atmosphere transmits largely ig of 


ı) F. W. Very. The absorptive power of the solar atmosphere. Astroph. Journ. 


‚16, p. 73—91, (1902). 
2) A. Schuster. Astroph. Journ. 16, p.320—327, (1902); 21, p. 258—261, (1905). 


3) W. E. Wırson and A. A. Rausaur, Proc. Roy. Irish Acad. [3], 2, p: 299— 
334, (1892). 
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the radiation emitted by the photosphere ; so it stops almost ?/,, and 
only a small fraction of this absorbed energy leaves the Sun in the 
form of radiation, emitted by the atmosphere itself. After all, more 
than half of the radiation coming from the photosphere is retained 
by the absorbing layer, and we cannot.suppose it to go back to 
the interior without violating the second law of thermodynamics. 
As long as it has not been shown how the solar atmosphere may 
get rid ‘of that immense quantity of energy continually supplied and 
never radiated, similar considerations will remain very unsatisfactory. 

Our problem appears to be much less intricate when viewed from 
the stand-point taken by Schaipr '), though the mathematical treat- 
ment will not be easy. A uniformly luminous sphere surrounded 
by a concentrie, perfectly transparent refracting envelope, will offer 
the aspect of a disk the brightness of which diminishes towards the 
limb. This has been established approximately by ScHaipr for the case 
of a homogeneous, sharply limited envelope. It is easily understood 
that a similar result must be obtained when assuming a transparent 
atmosphere of gradually deereasing density and refractive power ; 
but then, of course, the rate at which the luminosity varies-on the 
disk will depend on the law of density variation. We may proceed 
a little farther, and accept Schmipr’s hypothesis that the incandescent 
core of the Sun is not a sphere with a sharp boundary, but a gaseous 
body the density and radiating power of which are smoothly dimi- 
nishing along the radius. In this way, I think, we dispose of pre- 
mises from which it seems possible to derive an explanation of the 
general aspect of the solar disk without involving into such serious 
difficulties as were hitherto encountered. 


Chemistry. — “On the nitration of oriho- and metadibromobenzene.” 
By Prof. A. F. Houteman. 


(Communicated in the meeting of January 27, 1906). 


After the disturbing influence which the halogen atoms exereise 
on each other’s directing influence in regard to the nitro-group, had 
been noticed in the nitration of the dichlorobenzenes, it was necessary 
to extend this research to the nitration of the dibromobenzenes so 
as to be able to find the connection between the results with the 
dichloro- and dibromocompounds and to compare the same with the 
result of the nitration of the corresponding monohalogen benzenes. 


)) A. Scampr, Physik. Zeitschr. 4, 282, 341, 453, 476 ; 5, 67,528. (1903 and 1904), 


W. H. JULIUS. A new method for determining the rate of decrease of the radiating power 
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Middle part of the radiation curve- obtained during the solar eclipse 
of August 39. 1905. 
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The necessary experiments have been considerably delayed, because 
it appeared that the ortho- and meta-dibromobenzenes had not as 
yet been obtained in a perfectly pure condition, and the search for 
a good method absorbed much time. We have at last succeeded in 
preparing m-dibromobenzene from perfectly pure m-bromoaniline by 
diazotation in a dilute hydrobromie acid solution, according to a 
direction given by ErDMAnN for another purpose. Meta-dibromobenzene 
has a sp. gr. of 1.960 at 18.5°, and solidifies at — 7°. It is true 
that F. Schirr incidentally mentions (M. 11, 335) that he has met 
with m-dibromobenzene solidifying at 4 1°, without saying how he 
has obtained the same, but there is good reason for doubting the 
eorrectness of this statement. In this case, the product obtained by 
me and my coadjutors (SIRKs, SLUITER) with its 8° lower solidifying 
point should contain about 16°/, of impurities. In the nitration of 
our m-dibromobenzene, however, a product is obtained having a 
sp. gr. such as was to be expected from a mixture of the isomers 
(Br! : Br?: NO,*) and (Br! : Br’: NO,’) brought together in the propor- 
tion indicated by the solidifying point, so that a contamination of 
our preparation with such a large quantity of another substance is 
altogether out of the question ; moreover, on distillation our preparation 
yielded two fraetions within one degree which both possessed 
practically the same sp. gr. and solidifying point. 

O-dibromobenzene which was obtained in an analogous manner 
from o-bromoaniline, had a sp. gr. of 1.996 at 11° and solidified 
at + 6°. 

The preparation of the six dibromonitrobenzenes was carried out 
in a manner analogous to that of the six dichloronitrobenzenes, 
described by me in the “Recueil” 23, 357. 

The composition of the products of nitration of the dibromobenzenes 
was determined from their solidifying point and their sp. gr. and 
led to the results united in the subjoined table with the composition 
of the products of nitration of the dichlorobenzenes. The temperature 
of the nitration was 0°. (See p. 680). 

In ortho-dibromobenzene the disturbance of the directing power oA 
the one halogen atom owing to the presence of the other one is, 
therefore, much less than in the case of orthodichlorobenzene because 
in the first one 18.3 and in the second only 7.2°/, of by-product 
is formed, whilst monobromo- and monochlorobenzene yield, respec- 
‚tively, 29.8 and 37.6°/, of by-product. On the other hand, the 
disturbance caused by the entry of the nitro-group between the two 
halogen atoms in m-dibromobenzene is very nearly equal to that in 
m-diehlorobenzene, therefore much larger in regard to the ortho- 


( 680 ) 


——————————————————— 


Quantity of Quantity of by-prod. in 
by-product in %, 100 parts of main prod. 


0-C,11,C1, 7.2 7.8 

m-C,H,Clz 4.0 4.4 

0-C,HyBrg 18.3 22.4 

m-C,H,Br, i 4.6 | 4.8 
| 

C,H,C1l 29.8 42.0 

C,H,Br 37.6 60.5 


compounds. One would feel inclined to attribute this to “steric 
disturbances” introduced into Organie Chemistry by V. Meer, were 
it not that the specific volume of chlorine and of bromine in the 
dichloro- and bibromovenzenes differs but little. 

Perhaps it is rather the atomice weight of chlorine and bromine 
which has some connection with the above. For further partieulars 
concerning this research the “Recueil” should be consulted. 


Amsterdam, Org: chem. Lab. of the University, January 1906. 


Chemistry. — “The introduction of halogen atoms into the benzene 
core in the reduction of aromatic nitro-compounds”’. By 


Dr. J. J. Branksma. (Communicated by Prof. A. F. HoLLeman). 


(Communicated in the meeting of January 27, 1906). 


Some time ago I cited and communicated some experiments ') 
which showed that, in some cases, in the reduction of aromatie 
nitrocompounds, halogen atoms may be removed from the benzene 
core. In 1901 an article by Pınnow’) appeared in which a 
fairly large number of cases are mentioned, where halogen atoms 
are introduced into the benzene core in the reduction of aromaätie 
nitrocompounds. Pınnow endeavours to find the eonditions under 
which this secondary reaction is as much as possible prevented in 
order to prevent formation of halogenised amidocompounds as by- 
products, alongside the amidocompounds. 


1) Proc. 30 March 1904, Recueil 24, 820. 
2) Journ. für Prakt. Chem. (2) 63, 352. 
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So when I obtained 5-chloro-4-6-dibromo-2-amido-m-xylene as by- 
product in the reduction of 4-6-dibromo-2-nitro-m-xylene, I tried to 
CH; CH; 
N NO, Br DR NH, 
N cr Ta U CH; 
Br 


Br 
introduce halogen atoms into the core, taking the simplest case, 
namely, the reduction of nitrobenzene with tin and hydrochlorid acid. 

As is well-known, various intermediate products are formed in 
the reduction of nitrobenzene to aniline. The formation of chloro- 
aniline from nitrobenzene may be explained in the following manner: !) 

C,H,NO, +4H = C,H,NHOH + H,O 
C,H,NHOH + HCl = C,H,NHCI + H,O 
C,H,NHCI — CIC,H,NH, (0. + p.). 

The faet that, in the reduction of nitrobenzene, phenylhydroxylamine 
occurs as an intermediate compound, has been demonstrated by 
BAMBERGER, who has also proved that. on boiling phenylhydroxylamine 
with hydrochlorie acid, o- and p-chloroaniline are formed ?). It has 
also been proved by Löp that o- and p-chloroanilines are formed in 
the electrolytie reduction of nitrobenzene in alcoholie hydrochlorie 
acid solution ?). The object of the experiments to be described was 
to try and conduct the reduction of nitrobenzene with tin and hydro- 
chlorie acid in such a manner that instead of aniline, as much as 
possible chloroaniline was formed. 

The experiment had, therefore, to be carried out in such a way, 
that the phenylhydroxylamine formed was not at once further reduced 
to aniline, but to give this substance an opportunity to be converted 
into chloroaniline, under the influence of hydrochlorie acid. The 
conditions were also to be such that the phenylchloroamine C,H,NHC], 
which is formed intermediary, could be readily converted into chloro- 
aniline. 

The intramolecular conversion of phenylchloroamine into o- and 
p-chloroaniline is, however, but little known, as the first substance 
is very unstable but the conditions under which acetylchloroanilide 
is converted into p-chloroacetanilide have been closely investigated. 
It has been shown that this reaction is very much accelerated by 
increase of the temperature and also by addition of hydrochlorid acid ‘). 


1) Lög, Die Eleetrochemie der Organischen Verbindungen p. 166, 3e Auflage (1905). 
2) Ber. 28, 451. Bamberger and LasutT, Ber. 31, 1503. 


3) Ber. 29, 1896. 
4) Benper, Ber. 19, 2273. Branksma, Recueil 21, 366, 22, 290. 


( 682 ) 


If, on aceount of the analogy between phenyl-chloroamine and 
acetylchlorophenylamine, we assume that in the case of the first sub- 
stance the velocity of the conversion into o- and p-chloroaniline is 
also strongly accelerated by elevation of temperature and addition 
of hydrochlorie-acid, the conditions for obtaining chloroaniline instead 
of aniline, in the reduction of nitrobenzene with tin and hydrochlorie 
acid, are as follows: 

1. Slow reduction, or addition of tin in small quantities at the 
time, in order not to at once reduce the phenylhydroxylamine to 
aniline. 

%. Excess of hydrochlorie acid so as to rapidly convert the phenyl- 
chloroamine formed into chloroaniline. 

3. The reaction should take place at the boiling temperature, as 
elevation of temperature also promotes this conversion. 


The experiment was now conducted as follows: 

10 ce. of nitrobenzene were dissolved in 100 cc. of alcohol and 
200 cc. of 25 °/, hydrochlorie acid were added. This solution was 
boiled over the naked flame, whilst 15 grams of tin were added 
through the reflux condenser in small portions. Each time, after 
adding a small amount of tin, the boiling was continued until every- 
thing had dissolved before adding a fresh portion. The experiment 
lasted six hours. The unaltered nitrobenzene was now removed by 
steam, the residue was rendered alkaline and the aniline and chloro- 
aniline recovered by distillation in steam. 

In this way, 6.5 gram of oil were obtained. The greater portion 
of this oil was distilled between 182° and 225°, the residue solidified 
in the distilling flask, and proved to be p-chloroaniline (m. p. 70°). 
The oil consisted of aniline and o- and p-chloroaniline. 

From a chlorine determination according to Carıvs, it appeared 
that the mixture consisted of 55°/, of chloroaniline and 45°/, of aniline, 

If the reduction experiment was made with SnCl, and HCl (op) 
chloroaniline (53°/,) were formed together with aniline. In this case, 
the stannous chloride was also added in small portions, so as to 
give the intermediary formed phenylhydroxylamine an opportunity 
of being converted into o- and p-chloroaniline. Nitroso-benzene gives 
the same result '). 

In the same manner, the reduction of nitrobenzene with tin and 
hydrobromie gave a mixture of aniline and (o- and p)-bromoaniline. 

At present it is still diffieult to prediet which aromatie nitro- 


') GE Gorpscumpr, Zeitschrift für Plıys. Chem. 48, 435. 
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compounds will yield a large quantity of halogenised by-products on 
reduction with tin and hydrochlorie acid. It would be necessary to 
know something more about the reduction velocity of the nitrocom- 
pounds ') (and of the intermediary formed hydroxylaminederivatives), 
and about the intramolecular conversion velocities of the halogen- 
phenylamines. 

lt is known, for instance, that o-nitrotoluene gives a large amount 
of chlorinated by-product on reduction with tin and hydrochlorie 
acid ?). The o-tolylbydroxylamine formed as intermediate product is, 
therefore converted here into 5-chlorotoluidine, and the reduction ex- 
periments of GOLDSCHMIDT ?) on o-nitrotoluene are in agreement with 
this. GoLpscHmiDT has shown that, with increase of the temperature 
the reduction velocity also increases, whilst an elevation of temperature 
also increases the conversion velocity of the halogenphenylamines. 
It now appears that this last reaction is the most strongly accelerated, 
for the amount of halogenised by-products increases with elevation of 
the temperature '). 


Resume. It has been shown that the reduction of nitrobenzene with 
tin (or Sn Cl,) and hydrochlorie acid may be carried out in such a 
manner that p-chloroaniline occurs as the main product. The cause 
of this must be explained by the fact that, in the reduction of 
nitrobenzene, phenylhydroxylamine occurs as an intermediate product. 
As on reduction of all aromatie nitrocompounds, hydroxylamine 
derivatives are formed as intermediate compounds, we shall generally 
notice on reduction of such nitrocompounds with tin and hydrochlorie 
acid, besides amidocompounds, also halogenised amidocompounds 
(with halogen atoms o- or p- in regard to the NH, group), whilst 
the quantity of these two last substances will be dependent on the 
conditions under which the reduction is carried out. In some cases 
no halogen atoms are introduced, but they are even eliminated from 
the benzene core ’°). 

I hope to record more fully further experiments in the Recueil 
later on. 


Amsterdam, January 1906. 


1) See the note on the preceeding page. 
2) Beıustein and Künızere, Ann, 156, 81. Horzeman and Junsıus, Chemisch Week- 
blad II. 553. 
1 
4) Pınnow, 1. e. 
5) Recueil 24, 320. 
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Botany. — “On a case of apogamy observed with Dasylirion 
acrotrichum Zuce.” By Prof. F. A. F. C. Went and A. H. 
BLAAUW. 


In the summer of 1904 a specimen of Dasylirion acrotrichum Zuce. 
was in bloom in the Utrecht Botanical Garden. The home of this 
tree-like Liliacea is in Mexico ; on a short stem it bears a bundle 
of flat leaves with thorny margins. Although the plant is pretty 
often eultivated in European botanical gardens it is very seldom seen 
in bloom. Hence constant attention was paid to the here mentioned 
specimen. The inflorescence was two metres long; the principal axis 
was ramified and had a great number of steeply erected lateral axes 
in the axils of bracts; each’ of these carried some 50 to 150 
unstalked female flowers. Dasylirion is dioecious so that male flowers 
were entirely absent. 

Each flower had a perianth consisting of six green leaflets and a 
pistil; this latter consisted of a triangular ovary with a short style 
and three stigmas. The ovary was unilocular and had on its bottom 
three ovules. 

After the flowers had finished blooming it seemed as if some 
ovaries began to swell. As there could be no question of fertilisation 
in the absence of male sexual organs, it was thought that perhaps 
& new case of apogamy or parthenogenesis was present here. The 
ovaries were now regularly examined ; they more and more assumed 
the appearance of little fruits, looked like small nuts provided with 
three wings and strongly reminded one of the fruitlets of Rheum. 
It appeared that many ovules swelled, but never more than one in 
each ovary. Not nearly in all flowers this phenomenon was observed, 
in no more than 10 to 40 percent it was at all visible. 

For a detailed investigation these ovules were now fixed in 
FLemmine’s fixing solution (the weak solution) and then washed in 
the usual manner and gradually placed in strong alcohol. This was 
done for the first time on August 15; from 158 ovaries 49 ovules 
were obtained, i.e. 31 percent. This was a maximum, however, for 
when later material was collected in the same way on August 22, 
September 3, 10, 13, 19 and 25, October 8 and 22, November 12, 
December 15 and 24 and on January 19, 1905, each time more and 
more ovules appeared to be unfit for use, as they began to wrinkle. 
Such as looked more or less swollen were fixed ; among these some 
had grown thicker and finally the impression was that some seeds 
had ripened. But ultimately not a single germinable seed appeared 
to be on the plant and after January 19 no material fit for investi- 
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gation could be got. Nothwithstanding this the preserved material was 
examined, since it was possible that only the unfavourable conditions 
under which Dasylirion lived in the Botanical Garden at Utrecht, 
were the reason why no ripe seed was formed. 

On mieroscopical examination phenomena were indeed observed 
which seemed to point to apogamy or parthenogenesis, but the mate- 
rial proved insuffieient to obtain a consistent result. Leaving apart 
even the already mentioned fact that not a single ripe seed was 
produced, the number of ovules in which ultimately anything parti- 
cular could be observed, was extremely small. For microscopie 
examination revealed that most ovules which outwardly showed 
nothing abnormal, were yet already in all stages of disorganisation. 

Although we are unable to offer a finished investigation, yet it 
seemed desirable to us to publish what we have seen. For Dasylirion 
blooms so seldom in Europe that for us the chance of finishing our 
investigation is practically nihil, while now at least attention has 
been drawn to it, so that perhaps in the mother country of the plant 
some one may feel inclined to re-exaınine it. 

Moreover the number of kuown cases of apogamy or partheno- 
genesis is so small that there is every reason to publish each new 
case. And finally the material examined by us presents some points 
which deserve attention for special reasons. 

The fixed material was embedded in paraffin, cut with the micro- 
tome and then stained, as a rule with saffranine only, sometimes 
with saffranine, gentian violet and orange G. 

The ovules of Dasylirion are anatropous and furnished with two 
integuments ; the outer one consists, besides of an exterior and inte- 
rior epiderm, of cells, situated rather irregularly in 2 to 4 rows; 
towards the chalaza it is much more strongly developed. The inner 
integument consists of two layers of closely adjacent cells. The 
micropyle is formed by the inner integument only, the edges of 
which are strongly swollen — the cells are larger and the thickness 
is bere about four cells — and are closely adjacent, so that they 
only leave a narrow slit between them. 

The tissue of the nucellus is small-celled near the chalaza, but for 
the rest it consists of large cells witlı very little protoplasm and 
apparently very much cell-sap. The more peripheral cells are smaller, 
their cell-walls are perpendicular to the integument, especially near 
the mieropyle, but the others are greatly lengthened in the direction 
of the chalaza so that they have become tube-shaped. These tubes 
are often more or less bent, so that longitudinal sections present an 
appearance which is rather difficult to disentangle. The swelling of 
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the ovules was in many cases to be ascribed to the strong turges- 
cence of these nucellus-cells only ; in older stages also the cells or 
the outer integument began to increase their volume, evidently also 
by the increase of the cell-sap only. 

These strongly lengthened nucellus cells atfirst caused us to believe 
that more than one embryosac is formed, but an accurate examination 
of the preparations finally gave us the conviction that oniy one 
embryosac is found. Certainty on this point will be obtained only by 
investigating the development and for this purpose the collected 
material was unsuitable, for also in the youngest ovules the embryosae 
was already completely formed. It is long-drawn, somewhat in the 
shape of a dumb-bell, at the base extending near the chalaza, at the 
top near the mieropyle surrounded by a single layer of nucellus cells. 

Now it appeared that in the great majority of these embryosacs 
nothing particular could be observed; sometimes a little protoplasm 
or more or less disorganised and swollen masses, but no egg-appa- 
ratus, no polar nuclei and no antipodal cells, so that presumably in 
nearly all the ovules a disorganisation had already taken place before 
they were fixed. 

Only a few ovules presented more particularities and these we 
shall describe here, in the first place those where a young embryo 
was found. 

In an ovule, collected on August 22, there is found at the top of 
the embryosac and filling this part of the latter entirely, a cellular 
body with eight normal looking nuclei, making the impression ofan 
embryo. The rest of the embryosac is empty and only some disor- 
ganised masses lie in it; of an endosperm nothing can be seen, no 
more than of antipodals or embryosac-nucleus; concerning this latter, 
however, the possibility must be granted that it has fallen from the 
preparation during the staining, although we do not think this probable. 

In an ovule, collected on September 10, the top of the embryosac 
is filled by a cell-mass of some 20 to 30 cells, the walls of which 
are strongly swollen; the nuclei are small and are in a state of 
disorganisation as well as the rest of the protoplast. The whole makes 
the impression of a more or less disorganised embryo. Further there 
is in the embrosac a pretty large quantity of protoplasm in which 
we could find no nuclei. 

Finally we found in an ovule, collected on August 22, a still 
larger cellular body, reminding us ofan embryo. It consists of about 40 
cells, the contents of which are still more disorganised, with swollen 
cell-walls which strongly absorb staining substances. Having regard 
to the former two preparations we are of opinion that this also 
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must be looked upon as an embryo, the development of which has 
already for some time been stopped and which is now in progress 
of disorganisation. Also here nothing peculiar was further found 
in the embryosae. 

Of course we looked also for the presence of an egg-apparatus, 
especially in the younger stages, but there is only one preparation 
in which anything of this kind can be detected. It is an ovule, 
eollected on August 22, where in the top of the embryosac three 
cells are found, two shorter ones with distinet nuclei and a third 
which is larger with disorganised cell-contents in which the nucleus 
can still be discovered, however. We believe this to be the egg, 
the others synergids. Here also nothing else is found in the embryosae 
except protoplasm, which stains strongly. 

In 10 other ovules an endosperm was observed in various stages 
of development. It must be stated at once that in none of these 
anything of the nature of an embryo is seen. Although it may be 
objected that for some ovules the series of sections is not complete, 
yet this is certainly not the case with the majority. Especially where 
the micropyle is seen in the section, the embryo would be sure to 
be observed if it were there, but also in this case no trace of it 
can be found. So we arrive at the conclusion that here an endosperm 
has been formed without the embryo having developed. 

An ovule, collected on August 15, shows the smallest quantity 
of endosperm. The upper part (?/, to ?/,) of the embryosae is filled 
up with it. The shape of the embryosac has been changed; it is 
swollen, has become cylindrical or somewhat broader towards the 
bottom, has a thickness of 0,4 mm., while the nucellus has a 
maximum diameter of 1,0 mm. The lower part of the embryosac in 
which no endosperm is found, has entirely collapsed and has evidently 
been squeezed by the surrounding cells. This same shape of the 
embryosac was met with only once without an endosperm having 
been formed in it, namely in an ovule, collected on the same day. 
In the lining protoplasmatic layer no nuclei could be seen, but still 
we believe that this was a first beginning of the formation of an 
endosperm. Now the endosperm of the just-mentioned ovule consists 
of thin-walled cells of varying size; normal nuclear divisions occur 
but also nuclei of abnormal size with a number of nucleoli, indicating 
fragmentation. At one of the sides of the embryosac the formation 
of the endosperm has not yet been completed. 

Curiously enough the next stage in the development of the endos- 
perm was observed with an ovule, fixed on December 15. Here the 
greater part of the tissue of the nucellus has been displaced, so that 
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it forms only a narrow layer round the endosperm, somewhat 
thieker near the chalaza (greatest thickness of the embryosac 1,2 mm., 
of the nucellus 1,5 mm.). Here also the lower part of the embryosae 
is not filled, but is entirely abortive. The endosperm-cells are of 
rather unequal size, most nuclei do not look normal, but still divisional 
stages occur; in the more peripheral cells small grains which strongly 
absorb staining substances appear outside the nucleus. As in some 
other cases, the impression is got here that the formation of the 
endosperm takes place rather irregularly, as ifin various spots within 
the embryosac pieces of endosperm-tissue would form which grow 
towards each other so that seemingly more than one endosperm lies 
in the embryosac. At any rate this seems {o be so when one limits 
his attention to one preparation; by comparing, however, the different 
successive sections of one ovule there finally appears to be only one 
mass of endosperm. The formation of the endosperm begins in the 
lining of the wall of the embryosac and from there proceeds inwardly; 
in this process the cavity is gradually filled up, the endosperm now 
meets itself from various sides and it is these divisional lines that 
remain visible. 

That the formation of an endosperm starts indeed at the periphery 
of the embryosac, appears e.g. from an ovule, collected on Septem- 
ber 19. Here the size of the whole endosperm is greater than in 
the already mentioned ovules (diameter 1,35 mm.), so that only a 
very narrow layer of nucellus-tissue is visible all round, mostly at 
the chalaza (greatest diameter of the nucellus 1,4 mm.); but the 
whole endosperm is hollow and in this cavity remnants of the proto- 
plasm of the embryosac are visible. The endosperm-cells are here 
of very different sizes and so also the nuclei vary much. Some of 
them look normal, show karyokinesis, others are enlarged, have 
assumed all sorts of caprieious shapes, the number of nucleoli has 
greatly increased and a number of fragmentation stages can be observed. 

Two ovules, collected on September 10, show a still further 
developed endosperm. The nucellus tissue has been more displaced, 
the shape of the endosperm-cells is pretty regular, their cell-wall 
is somewhat thickened, the nuclei are almost normal; in any case 
there is much less indication of fragmentation than with the just 
mentioned ovule. 

In an ovule, colleeted on September 19, the endosperm is so 
strongly developed that of the nucellus tissue hardly anything remains 
visible. This also applies to- the cases which will be described 
presently. The endosperm-cells have strongly thickened but still 
fairly gelatinous walls; the contents of the cells consist of anumber 
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of small grains which stained very strongly and which somehow 
make the impression of nucleoli; of a nucleus nothing is found any 
longer, unless we apply the name to some thick, coloured masses. 

Three ovules, fixed on December 15, all showed the same picture. 
A strongly developed endosperm is present with very thick cell- 
walls, absorbing saffranine more or less, and protoplasts which are 
entirely foamy and in which nothing of a finer structure is found. 
This endosperm must evidently be reckoned among the horny ones; 
it was extremely diffieult to cut. Sections of the ovules could only 
be made after treatment with hydrofluorie acid. It is not impossible, 
of course, that the foamy appearance of the protoplasts must be 
ascribed to this treatment, although we do not think this probable 
on account of other experience with this method. In the endosperm 
some fissures are visible, the last remnants of the cavity of the 
embryosac. 

Finally an ovule with an endosperm was found among the material 
collected on January 19. Here also cutting was only possible after 
treatment with hydrofluorie acid The endosperm is entirely dis- 
organised, borders of cells can scarcely be recognised. No more than 
in the preceding cases we think this must be ascribed to the manner 
of treatment. : 

We have now described all cases of formation of an endosperm, 
observed by us. It will have been noticed that the order is not 
chronological, the arrangement was such that we gradually proceeded 
from the least developed to the complete endosperm. From this it 
follows already that the formation of an endosperm takes place very 
irregularly with these ovules, sets in now sooner, then later, and 
that the endosperm may pass into disorganisation at various stages 
of development. 

Summarising, it appears that with Dasylirion acrotrichum an endo- 
sperm is formed without fertilisation. This endosperm finally disorga- 
nises; it may do so already at a pretty early stage of development, 
but it may also first attain its complete development. But an embryo 
could never be found together with such an endosperm. From this 
it does not follow, however, that it could never be formed together 
with an endosperm, especially since in three ovules — in which, 
to be sure, no endosperm was formed — in the top of the embryosac 
a cell-body was found which we take to be an embryo, which how- 
ever very soon passes into a state of disorganisation. 

One may now ask to what cause this disorganisation must be 
ascribed. It might be suspected that the circumstances of this Dasylirion 
were abnormal. Although we grant that these were different from 
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the conditions in the mother country of the plant. yet we must 
remark that the plant was in the open air for along ıime before and 
after it had bloomed during the very hot summer of 1904 and that there 
was no question of this speeimen being sickly. We venture another 
supposition: to us it seems that this plant makes, so to say, an 
attempt to apogamous development, but that these endeavours do not 
sueceed. For this would plead that the endosperm develops here 
independently of an eventual formation of an embryo and that the 
embryo is sometimes planned, but never grows to any considerable 
size. If this be the case, in the mother country of the plant similar 
phenomena should be observed, but at the same time normal ferti- 
lisation and seed-formation. We ought to know the development of 
the embryosae, in order to know why the apogamy is unsuccessful 
here, even though the plant makes an attempt in this direction. If 
in the embryosae mother-cell a reduction division has taken place, 
this would be very easy to understand and it would also explain 
the greater facility with which the endosperm is formed. For, after 
fusion of the two polar nuclei the normal number of chromosomes 
of the 2x-generation (not, of course, of the endosperm) would be 
re-established again ; we have tried to determine this number and it 
seemed to us to be 20 to 24. But as long as we do not know how 
the endosperm is formed this determination is of little value; for 
we owe to TreuB ') the knowledge of a case of endosperm formation, 
with Balanophora elongata, where the endosperm nuclei are formed 
by division of one of the two polar nuclei. It is, to be sure, the 
only case on record where an embryosac fills with endosperm, 
without a normal embryo being formed. In this respect the ovules 
of Dasylirion, described by us, could be compared with Balanophora. 
On the other hand there is this great difference, that with Balanophora 
an embryo is later formed‘ from part of the endosperm and of this 
there is no question with Dasylirion. 

We put the word apogamy at the head of this communication 
because it leaves unsettled whether here phenomena of parthenogenesis 
were indeed observed. It is an open question to what extent the 
development of an endosperm without previous fusion of the polar 
nuclei with one of the generative nuclei of the pollen tube can be 
brought under one of these conceptions. Those who will not use 
the word fertilisation in the case of endosperm formation, like 
STRASBURGER, will object to it; those who embrace the opposite view, 


!) M. Treup. L’organe femelle et l’Apogamie du Balanophora elongata Bl. Ann. 
du Jardin botan. de Buitenzorg XV. 1898 p. 1. See als6 J. P. Lorsv, Balanophora 
globosa Jungh. Ann. du Jardin botun. de Buitenzorg Qme Serie I. 1899, p- 174, 
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like Gumsnard and Bonner, will think the use of these terms 
admissible. Although we incline towards this latter opinion, we shall 
not dwell on this point here. 

But we think it desirable to point out that a closer study of 
unfertilised ovules, especially of dioecious plants will perhaps yield 
surprising results. Since we know through Loss that chemical stimuli 
may cause the development of an egg, the possibility must be granted 
that this may also be the case with higher plants. When a normal 
fertilisation does not take place, such chemical stimuli would at any 
rate render a beginning of development possible. Looked at from 
this point of view the case of Dasylirion is perhaps important, but, 
as we stated already at the beginning of tlis communication, only 
an investigation in the natural place of occurrence of the plant can 
give an answer to this and allied questions. 


Astronomy. — “On the parallax of the nebulae”. By Prof. J. C. 
KapTeEyn. 


Up to the present time we know hardly anything about the distance 
of the nebulae. On the whole they do not allow of the most accurate 
measurement, and as a consequence direct determination of parallax 
is generally to be considered as hopeless. A few endeavours made 
for particularly regular nebulae have not led to any positive result. 

The proper motions (p. m.) seem more promising, at least for the 
purpose of getting general notions about the distances of these objects. 

Spectroscopic measurements of radial motion show that the real 
velocities of the nebulae are quite of the order of those of the stars. 
Therefore, as soon as we find the astronomical proper motion of 
any nebula, we conclude, with some degree of probability, that its 
distance is of the order of that of the stars with equal p. m.: 

Meanwhile it may be considered to be a fact, most clearly brought 
out just by the observations presently to be discussed, that as yet 
p. m. of a nebula has not been proved with certainty in a single case. 
It does not follow that these p. m. are necessarily very small. The 
time during which the position of these bodies has been determined 
with precision, is still short, the errors of the observations are large. 
The effeet of these errors on the annual p. m. may easily amount 
to 0"2 or 0"3. 

We might endeavour to lessen the influence of the errors of 
observation by determining not the individual motions but the mean 
p- m. of a considerable number of nebulae. 
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If this succeeded we might then compare this mean p. m. with 
the mean p. m. of different classes of stars, the mean distance of 
which is known with some approximation or, better perhaps, with 
the mean radial velocity of the nebulae determined by the spectro- 
scope. The comparison would lead at once to ideas about the real 
distances. 

Unfortunately the mean of a great number of observed p.m. will 
not be materially more correct than the individual values, if the total 
proper motion is small. The cause of this lies in the fact that in such 
a case the effect of a determined error of observation is not at all 
cancelled by an equal but opposite error of observation. Suppose for 
instance two nebulae both having in reality a p. m. of 0"01. For 
the first let the error of observation be 0"10 in the direction of the 
p. m. For the second assume an equal error in a direction opposed 
to the p. m. The odserved p. m. of the first nebula will be 0"11, 
that of the second 0"09. Taking the mean of the two we are not 
brought nearer to the real value. 

For this reason we shall not be led to any valuable result in 
this way, even if our material consists of very numerous objects, as 
long as the errors of observation exceed the real p. m. 

The diffieulty here considered would vanish if, instead of the total 
p. m., we could avail ourselves of some component of the p. m., 
which in different direction would have different sign. In this case, 
if systematic errors can be avoided or determined, the accuracy would 
increase as the square root of the number of objects included. 

Such a component of the p. m. is that in the direction towards 
the Antapex. From this component we may derive the mean paral- 
lactice p. m. which is a measure of the mean parallax. 

I will not here stop to consider the hypothesis involved. It must 
be suflicient to state that it. assumes that the sum of the projections 
on some determined direction of the peculiar p. m. vanishes in the 
case of very numerous nebulae or, which comes much to the same 
that the peculiar p. m. may be treated as errors of observations. 

Let 

h be the linear annvwal motion of the solar system; 

e the distance of a nebula from that system; 

ı the angular distance of this nebula from the Apex of the solar 
motion ; 

t the components of the observed p. m. in the direction towards 
ne ee and at right angles to that direction ; 


p the component of the peculiar p. m. in the direction towards 
the Antapex. 


2 
j 
j 
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The parallactic p. m. shall then be: 
-31mI=U —p. 


If this equation is written out for each individual nebula and if, 
after that, we take the mean of allthe equations, the quantities p will 


5 4 h x 
disappear and we obtain the mean value of —, which is the secular 
0 


parallax. 

Or rather: 

As we may treat the quantities p as if they were errors of obser- 
vation, which mix up with the real errors of the observed quantities 
v®, we may write out for each nebula an equation of the form 


a a) 
—sın == U 3 . s . . . . . ° 
0 


If then we assume that the distance go is the same for all the 
nebulae, we may solve the whole of the equations (1) by the method 
of least squares. 

I have long wished to apply this method in order to get some 
more certainty about the position of the nebulae in space, but Ihave 
been restrained by the extent of the work connected with such an 
enterprise. 

The diffieulty has disappeared since the publication, a few years 
ago, of a paper by Dr. MÖNNICHMEYER assistant at the Observatory of 
Bonn (Veröf. der Kön. Sternw. zu Bonn. N’. 1). In this paper all 
the materials available at the time of its appearance have been 
brouglit together in a way which, for my purpose, leaves little to 
be desired. 

This paper contains the observations of Dr. MÖNNIcHMEYER himself. 
They bear on no less than 208 objects, mostly chosen among such 
nebulae as can be measured with considerable or at least moderate 
preeision. Dr. MÖNNICHMEYER has collected besides, all previous obser- 
vations of these objects. I have confined myself to the observations 
of those nebulae for which all the observers have used the same 
star or stars of comparison. I have further rejected the observations 
of those objects for which MÖNNICHMEYER did not succeed in deter- 
mining the personal errors. The observations which thus have served. 
for the investigation are those of MönnıcHMEYER’S paper pages 59—70, 
from which have been excluded, in the first place, those objects 
which in the list of pages 15—17, second column, have been denoted 
by the letter M; further the planetary nebulae, the clusters and the 
ring-nebula h 2023. 
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There remain 168 nebulae. 

A good judgment about the accuracy of the observations may be 
obtained by the probable error derived by MönnıchMEYER for his 
own observations on page 9. For the other observers I have availed 
myself of the data contained on pages 18—25. 

The accuracy was found little different for the several observers 
with the exception of RüMkER. 

I therefore simply assumed the weights to be proportional to the 
number of observations. For RüMmkErR only the weight was reduced 
in the proportion of three to one. For Schmipr the number of obser- 
vations is not given. For reasons given by MÖNNICHMEYER they are 
“immerhin etwas fraglich” (l. c. page 14). The results of ScHMIDT 
got the weight of only a single observation for that reason. 

An. overwhelming majority of the observations has been made 
between 1861—1869 and 1883—1893. It was possible therefore in 
nearly every case to contract all the observations in two normal 
differences from which the proper motion and its weight could be 
derived at once without any serious loss of accuracy. 

From these p.m. I then derived the components r and v, assuming 
for the position of the Apex, the coordinates 

As» =273°, Ds =+ 29%. 

The whole of the materıals was divided into the three classes of 
MONSsicHMEYER. They are described by him on page 9 of his Pape 
in the following way: 

Class I. Nebulae with starlike nucleus not fainter than 11th mag- 
nitude; 

Class II. Nebulae with moderately condensed nucleus not fainter 
than 11! magnitude; 

Class III. Diffieult objects, in the first place irregular nebulae 
without any sharply marked point; furthermore all very faint objects 
and the very oblong nebulae. 

Most of the objects have been classified by MöNNIcHMEYER himself 
on page 9 of his paper. The nebulae wanting in this list have been 
classified by myself, in accordance with the descriptions on p.p. 27—54, 
as follows: h 693, 1088, 1225 in Class I; A 421, 1017, 1212, 1221, 
1251, 3683 in Class II; A 316, 1461 in Class II. 

The p.m. as derived are relative p.m.; they are the motions 
relative to the comparison stars. MÖNNICHMRYER has investigated the 
p.m. of the comparison stars themselves; he has found a sensible 
p-m. for only 7 of the objects used for my investigation. The 
following table contains his results for these 7 stars. 


Star of used for |, 2; 

mag. Ha Us in arc ® Sin A 
Comp. nebula : 

gr. circle 
s n "n " 

15 6.0 h 432 + 0.0140 | — 0.089 | 0.227 + 0.225 | 0.94 
90 8.8 h 85 + .0237 | — .170 35% —  .156 | 1.00 
429 6.1 h 4171 |— .0170 | — .197 .257 + .255 | 0.97 
164 7.4 h 1329 |— .013 .00 .192 + „167 ! 0.9 
168 9:5 M 90 + .014 .00 .204 — .180 | 0.98 
208 4.7 I 542 — .0050 | + .010 .075 + .055 | 0.80 
242 6.6 h 2050 I— .0134 | — .152 .199 — .197 | 0.45 


These p.m. were applied by MÖNNICHMEYER before he derived his 
definitive differences in « and d (Neb.-Star). In no other case a 
correction for the p.m. of the comparison stars was applied. 

The majority of the observers used the ringmicerometer. 

The prineipal error fo be feared for observation with this micro- 
meter is the personal error in right ascension. MÖNNICHMEYER has 
devoted the utmost care to their determination. Notwithstanding this 
it may be considered a fortunate eircumstance that this error has no 
influence on the result for the mean parallactice motion, at least in 
the ideal case that the nebulae are distributed uniformly over the 
right ascensions from O0 to 24 hours. 

For it seems highly probable that the distance of the nebulae is 
not systematically different in the different hours of right ascension. 
This being so the personal error will vitiate the parallactic p.m. of 
the nebulae at the same distance in right ascension on both sides 
of the apex, to the same extent but in opposite directions. 

It is true that the distribution in right ascension is far from being 
uniform ; still we may be sure that whatever residual personal 
errors may still exist in the materials of MÖNNICHMEYER, must appear 
considerably diminished in the result. Meanwhile I have tried to 
obtain some idea about the possible amount of these residual errors 
in the following way. 

I computed the average proper motion in right ascension for each 
hour separately. Taking the simple mean of all these hourly averages 
we may expect to get a result in which not only the peculiar proper 
motions, but, as explained just now, also the parallactice motions 
shall have vanished. 
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This final result may therefore be assumed to represent the residual 
influence of the personal errors on the p.m. 

For the value u. of this mean I find 

%. — — 0.000 4 

In deriving this result the hours with many nebulae did not get 
any greater weight than the hours with only a few objects. Owing 
to this cause the final weight is found to be only 0.4 of what it 
would have been had the distribution been uniform. 

We shall get a result of appreciably greater weight if in the first 
place we combine by twos the hours Iying symmetrically in respect 
to the apex. In these mean values the parallactic motion is already 
eliminated; we may therefore further combine the twelve partial 
results having regard to their individual weights. 

In this way I find 

x = + 0.0006. 

It thus appears that MÖNNICHMEYER has succeeded remarkably well 
in getting rid of the influence of the personal errors. 

As mentioned just now these errors appear still further diminished 
in the result for the parallactic motion. 

There thus seems to be ample reason for neglecting any further 
consideration of them. In order to enable the reader to get at once 
a pretty good insight in the accuracy really obtained, Ihave divided 
the whole of the material not only into the three classes fof 
MÖNNICHMEYER, but I have subdivided each of them into a certain 
number of sections, each of about the same weight. 

I thus got the following summary. (See p. 697). 

The values of r have been included in the table merely in order. 
to show that in them too no traces of any personal error are visible. 

In order to get the yearly parallaxes =, I have divided the secular 


h 
parallaxes = by 4.20, this number being, according to CAMPBELL’S 


determination, the number of solar distances covered by the solar 
system in a year in its motion through space. 

The probabie errors were derived in the hypothesis that the com- 
ponent v is wholly due to errors of observation. 

lf we compute the probable error of one of our 13 results from 
their internal agreement we get 0.023. This number differs very 
little from the values directly found. Here again we have an indication 
that systematie errors must be small. 

The last row of numbers contains the simple averages of the 13 
individual results. 


ns 13 AL 0.099 + 0.023 | — 0.009 | + 0.0055 


5.33—10.57 | 12 |— 0435| + .051 .022 | + .012 5 
I 10.57—12.2 | 10 |— .5|1-+ .034 .023 | + .008 Ds 
12.22—12,45 9 | — ‚04 | — .027 .022 | — .006° 5 
\| 12.65—0.0| 10 | — .008| + .013 .023| + .003 5° 
0.0 — 9.50 | 12 | + .021 | + 0.014 | + 0.019 | + .003 45 
| 9.50—11.10 | 10 | — .004 | — .016 .019 | — .004 45 
I 11.10—12.16 | 11 — .008 | —  .037 .020 | — .009 5 
| 12.16—12.28 | 12 | + .191— .00 .020 | — .009 5 
12.28— 0.0| 414 | + .0005| — .040 .020 | — .0095 5 
0.0 —12.14 | 20 | + .030 | + 0.016 | + 0.019 | + .00% 45 
III | 12.14—12.32 | 16 |— .046 | + .038 .019 | + .009 45 
12.32— 0.0| 149 | + .016 | — ‚036° 18) — 2,009 17 4 

pen en ER ARE aa SE. 
mean of | 168  — 0.004 — 0.005 + 0.005 — .0013 £ 0.0012 

13 results 


We thus finally get for the mean yearly parallax 
— 0"0013 # 0"0012 (168 nebulae). . . . . 8) 


This is the parallax relative to stars of comparison the mean 

magnitude of which is 
8.75 

Meanwhile, as mentioned before, MÖNNICHMEYER applied p. ın. to 
7 of his 183 stars of comparison. 

If he had refrained from doing so, we should have found the 
parallax 0"0004 smaller. We thus have in conclusion: 

Mean parallax of the 168 nebulae relative to stars of comparison 
of the mean magnitude 8.75. 

— 0'0017 # 0'012 (p.e.). . . ... 

In N’. 8 of the Publ. of the Astr. Laboratory at Groningen the 

- mean parallax of the stars of magnitude 8.75 was found to be 


Enno e © A ERENERR ;) 


To this value we might apply two corrections: 
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1st, Because, since the publication of the paper mentioned, our 
knowledge about the sun’s velocity has made considerable progress; 

Ind, Because in its derivation a slight mistake was discovered. 

I shall not apply any correction, however, because the two cor- 
rections nearly-compensate each other for the magnitude 8.75. There 
is a fair prospecet of the possibility of materially improving the values 
given in Publication 8 before long. It seems advisable to wait for 
such improvements before we alter these determinations. 

If for this reason we proyisionally adopt the value (5) we get: 

Mean absolute parallax of the 168 nebulae 

00046. +:0'0012 p. &) - Ina zu ask 

This result is somewhat less reliable, however, than (5) because 
of the additional uncertainty in the absolute parallax of the stars of 
comparison. 

The value (6) agrees nearly with the mean parallax of the stars 
of the tenth magnitude. 

I shall not insist on the exact amount brought out for the parallax. 
I shall only direct the attention to the fact that from observations 
covering only a period of somewhat over thirty years, we get a 
probable error of hardly over 0".001. If this is the case with visual 
observations we may look for really excellent results by photography. 

The best measurable nebulae must be generally the smaller ones. 
The number of these which can be photographed is enormous. 

With his Bruce-telescope (opening 40 centim., foc. dist. 202 centim.) 
Mıx Worrr obtained in 150 minutes a single photograph of the 
region near 31 Comae, containing 1528 measurable nebulae (Publ. 
Königstuhl I p. 127). 

This richness of material will enable us to confine ourselves provi- 
sionally to those nebulae which allow of a very accurate measurement. 

Personal errors must disappear because we shall certainly succeed 
in nearly every case in making our pointings on the same point for 
the several epochs. The peculiar p. m. will be the more thoroughly 
eliminated the more extensive our material; especially if this material 
is distributed over the whole of the sky. Errors in the precession 
have no influence at least on the value of the relative parallax. 

I am convinced that by photography we may obtain, even within 
ten years, results which will far surpass in accuracy those of the 
present paper. Thus we may hope, in the near future, to reach 
a fairly satisfactory solution of the vexed question respecting the 
position of the nebulae in space. 

The same treatment to which we have here subjected the nebulae 
may of course also be applied to other objeets. We have already 
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undertaken that of the Helium-stars and might perhaps afterwards 
try the same method for the stars of Pıckurine’s 5th Type. 

In ceoneluding it is only just to say that, whatever be the merit 
of the present investigation, it belongs mainly to Dr. MÖNNICHMEYER. 
As compared with his careful and elaborate labour, that spent on 
the derivation of the present result is quite insignificant. 


Chemistry. — “On the course of melting-point curves for compounds 
which are partially dissociated in the liquid phase, the proportion 
of the products of dissociation being arbitrary”, by J. J. VAN 
Laar. (Communicated by Prof. H. W. Baxuvıs Ro0zEBooM). 


1. It is well known, that a liquid mixture of e.g. two compo- 
nents JA and D, which can form a compound A, B,, reaches its 
maximum point of solidification, when the ratio of the molecular 
quantities of the two components is as v, :»,, in other words when 
there is no excess of one of the products of dissociation of the com- 
pound A4,, B,.. 

Expressed differently: when we determine the points of solidification 
of a series of liquid mixtures of A, B and the compound with 
increasing excess x of one of the products of dissociation of the 


dT 
compound under consideration, then (2)=0 for the curve of soli- 
N) 


dification or melting-point line thus formed. 

Hence the melting-point curve of a compound, with increasing 
addition ze of one of the products of dissociation, will have an 
horizontal direction at 2=0, as soon as there is but the 
slightest dissociation of the compound in the liquid phase. If there 
is no dissociation at all, the admixture may be considered as an 
alien, indifferent substance, and the initial direction of the melting- 
point curve will show all at once the normal descending course at 
e=0: 

As will also appear from the following computation, the initial 
horizontal course will of course pass the sooner into a descending 
course, the slighter the dissociation of the compound is. 


dT £ j 
The peculiarity mentioned of (=) becoming zero with the slight- 
© Jo 


est trace of dissociation of the compound, was already proved by 
‘ Prof. Lorentz in 1892, on the occasion of an investigation of 
STORTENBEKER On chlorine-iodides '). Prof. van DER Waars too has 
ı) Z. f. Ph. Ch. 10, bl. 194 et seq. 
49 
Proceedings Royal Acad. Amsterdam. Vol. VII. 
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proved this property, induced by a statement made by LE CHATELIER 2): 
The proof given does not directly bear, however, on the case that 
in the liquid phase also the compound (van DER Waars’ so-called 
complex moleenle of salt and water) is found by the side of the 
products of dissociation. 


%. Here follows another simple and quite general proof of the 
property in question, in which specially the condition in the liquid 
phase is taken into consideration, in which by the side of the com- 
pound the products of dissociation occur in varying quantities. 

Let us suppose there three kinds of molecules: 

those of the compound A, D,, ; number n—=1-— «a 
those of A ; * N 
those of B;; e n,=va-t ı. 


So « is the degree of dissociation of the compound, and x the 
excess of B e.g. 

Now from the property, that the molecular potentials of these three 
substances, viz. w,, u, and u,, are homogeneous functions of the Oth 
degree with respect to the numbers of molecules, follows immediately : 


du, au, du, 


ee N 


Here the differentiations- with respect to x are to be taken total, 
so that e.g.: 
dit, _ du | du de 
de 0w da de’ 
i.e. at constant temperature. 
[The above property is proved (loc. eit.) as follows. We have viz. 


in consequence of the mentioned peculiarity of the functions w,, u, 
and u;: 


du, OU, u, 
0 d Fr N, On, 1: 2 In, = 0 
du, du, Om, $ 
nn ae en 
ou | u 9 2 
ä a, Op, Z 0Z 
o also on being equal to = etc. (for — ar and u, =: 


') Verslagen Kon. Akad. van Wetenschappen (4) V, p- 385 (1897). 
?) These and the following properties were already proved by me in 1894. See 
Z. f. Ph. Ch. 15, p. 459 et seq. (“Ueber die genauen Formeln, etc.”). 


EEE 


ou, 
"In, +n ee Te 


So if we pass on that ae n,, n, and n, (of which there 
are only two independently variable) to the variables «a and x, we 
have also: 


Ay, eo eh) 
en +n ap | 


du, „a — 
Be -+n ee +n 0 


d 
The first equation multiplied by 1 and added to the second, 
& 
gives immediately (1).] 
Now follows from the equilibrium of dissociation: 
—% iu vu, = vu, — 0 


1) We can easily test the truth of these simple properties by supposing the 
‘functions ', a’; and a’, constant in: 


Ä l-a : va 
BR Toy vu, =w, + RT log N 


„-wmyatı& 
w=u,4 RTlg—, 


Then we have immediately (having divided by RT) after differentiation at 
a 


taking into consideration that 

N=1l+W+,—lea+o=140a+, 
for the first member: 
1 


0 
rn da 


rn 


| tet) 


(1-0) 


fi) j 
After differentiation a we find for the first member: 


1 
va+t& N 


(1-a) 


Bea 


— + v,a -7 +(v,a-+ ») 


1 1 
ee FI EN RN FI 


And according to what has been proved, this will continue to be true, also 
when a a’ and a’, are still functions of z and &. 


49* 
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immediately, after total differentiation with respect to = (7’constant): 
du, du, du, 
—_— — — la RA TRNE 
STE NE (2) 
And from (1) and (2) follows, that when n,:n,=»,:v, (i.e. 20), 
we have necessarily 


du 
in N). valenlısehralhee - Cult eure 
En (3) 


‚du, . 
So the becoming zero of BE: is-the primary moment, on account of 
DA 


aT R ß : 
which also (z) will have to be 0 in the presence ofa solid phase: 
4 0 


with change of x (with which also «a changes) the mol. potential 
of the unsplit, compound does, namely, not change when <—=0. [This 
property will evidently also continue to hold for an arbitrary number 
of splitting products]. 


dT EV ee 
That now also 5 —=(), follows from the condition of eqwilibrium: 
MH f] 


u + U, — 0, 
when u is the mol. potential of the solid phase. Total differentiation 
with respect to 7’ yields viz.: 


a d Be 
ar \ RT HN LEI U) ’ 


: e du 5 0) 0 da d ° . 0 da 
in which gr 5 again (5 + ): and ( ); 


da dT das dr * da de 
d Q i s 
But Fr +4)=— 7 when @ is the iotal heat of melting, 
‚hence also: 
Q | du,de, 
ee DE 
IS =” da dT” i 
because a (in the solid phase) is independent of x. Hence: 
Bi 
dT Bar. 
Be nee 
So if u 0, also ag and in this way the proposition i 
TIEREN. der va. c Ran 2 = 


proved. When in the liquid phase there is no excess of one of the 
products of dissociation, but. instead an indifferent substance, then 
there are four kinds of molecules, with molecular quantities resp. : 


ee 
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Instead of (1) we get now: 


du du du du 
0 Ei En n, Fe N, 75 -1- N, FE m 0 an . . . (1e) 
d d 
And as n, n a z remains finite at 20, viz. RT, from (1°) 
du, 


and (2) will now not follow a 0, when @=0. n:n=rv,:r, 
L 


: : 1 
is always satisfied in this case). And consequently = will not be 0. 
& 


d 
| That x Ei continues to have a finite value at z—=0, follows from this, 


® du du’ U 
that u, = u RT» srlolde = on a 
M=n.t N da nr N da’ ueute 


d  RTA 
a =RT+% en 
x 


gene which the expression between 


| 


d 
always remains finite. At «=0 we have therefore « Em | 


3. We now proceed to derive an expression for the course of the 
melting-point curve in the case of increasing excess of one of the 
products of dissociation in the liquid phase. 

Let us for this purpose suppose, that in this phase there are present 
(in Gr. mol.) 1—x AB and « B, while the 1— x AB is disso- 
ciated to an amount @«. We have then: 

AB A B 
(l—eo)(1l— a) e(l—») el—a)+a, 
together 1 + «(1 — x) molecules. 

We suppose then, that the compound consists of 1 mol. A and 
1 mol. B, which simplifies the calculations. 

The equilibrium between the solid phase and the non-dissociated 
molecules in the liquid phase yields: 

u y* Us 
or (the terms with T’log T on either side cancel each other) 
(l—-o)(l—«) 
Trade)! 


1) This too is easy to test, when a’,, @'1, etc. are considered as constant, so 
that e.g. in 


e—-cT=8,—07+ RTlog 


1— N) 1 6 
wu, + RT log = 55 becomes = RT a en etc, 
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a a a 
it _-:— ee — ae 
or withe, — & (« ) ( :) (« + n) 


- (« +kT — .) —gq (so that q is the pure latent heat of melting 


of the compound, without the heat of dissociation, which is still to 
be added), and with ,—c=yr: 
(I—a)(l—e) 
TI 

For the determination of y may serve, that tx —=0and T=[T,, 
a becomes a,, hence: 


g=yYT — RT log 


DIRT ig 
I Yo u, ARERE I 
Hence we finally get: 
1 Re, 6 WEB 
en ern 2 


1, Dre 


or 


— log RITTTF (5) 


iz 7) 
Io Ib ER N 


In this derivation it has also been supposed, that the liquid mixture 
is a so-called zdeal mixture, i.e. that terms, referring to the influence 
of the components inter se, have been left out. It is known that 
these terms are of the second degree with respect to «.. Equation (5) 
represents therefore the course of the “ideal” melting-point curve in 
our case. 

Further the degree of dissociation @ occeurring there is given by 
the equation (here too the above mentioned terms are left out, so 
that the simple law of mass-action is supposed to hold): 


a a) x a(1l—x)+x (l1-a)(1—a) 
m N N 


—R, 


or 
a(a(l—x) + x) z. 
en Er 


In this X is now no longer a function of & according to the above 
supposition, but it is one of T'. 

Even if we would solve @ from this quadratie equation, and sub- 
stitute it in (5), we should have gained but little, because X contains 
T in a rather intrieate way. Therefore the only thing we can do, is 
to try and find an approsimate expression, which only holds for 
small values of x. 
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hl 


d1 
After that a general expression. for = 
r L& 


will be given. 


In order to find the approximate ex- 
Tab pression in question for the course of 
the curve 7,A, we suppose for the 
present, that « does vary with x, but 
not with 7. In the result we have then 
simply to replace qg by the total heat 
B of melting te =0 Q=qg-+ea,R (A is 
the heat of dissociation), in order to 
introduce the variability of « with 7. 
(see appendix). 

From (6) follows now immediately 

the quadratic equation 


To 


X=0 


et g=t 


K 
By putting <=0, we see that IE is then = a,’. According to 


the above provisional assumption it is now supposed, that also for 
values of 7, lower than 7‘, the value of «, holding for e=0 and 
T= T,, remains unchanged. Therefore in the equation 


ea (l—a) +au — a,’ —=0 
a, is no longer a function of T. So we find for e: 


= c+ V'/,2’+a,(1—«) 


dm 
1—x 
and hence 
re 1—'/,2 —V era llze) 


1—.a 
In consequence of this we get: 
U-dl-)=1-1,o—V 
ltel-)=1—-'\,a+YV 

so that we find for the quotient occurring under the sign log in (5): 

1—'1,2—V MIR SIR 

Bez 
or also after multiplication of numerator and denominator. by 
1—- ke —YV: 

res Zar ha al hdV 


m Sn nn nn 


la) 
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Let us now approximate Va, ıl—a) +," =% 1—r+ 


for small values of «. 
We shall find: 


7 PL 1— 0 
Da. no Es -1—-'1,2+'!), er a’ + 


2 A u = 
Rp er Een 
0, 


0 | 
e,Y, multiplied by 2 —«, yields then: 


a, 1. .383 
SE 1-n)+ ijjs en e” 1. —) | 


This, subtraeted from 1 + «,’) 1 — 2) + '/, @?, gives: 


1l—a 1 — a,’)° 
Amar irn 


If now finally this formula is divided by (1 — «a in (1 — 2), we get: 
ER IR 
Fr re N in > 
1 fh. 


‚4 
... 


a, 


1—x 


a 1 
EN DT 


Notice, that the term ‚with « does not occur, in consequence of 


1— x 


dT 
which ( a) satisfies the condition of becoming 0. 
0 


If higher powers than x’ are neglected, the above becomes: 


alt) Pol 1 
Ad, EHRT tan) 


or also, if we now replace q by Q, (see above) and TT, by T'®, 
which does not bring about a change in the coefficient of «°, as 
T=T, (1—0%°): 


r RT’ (+ 
RR, Ban U EN 
Q, 4a 


0 


which approximate expression holds for not too small values of 
e(e.g.a=')/,) at least üp to values of z=0,1. We see, that 
T,—T is not proportional to x, for small values of x, but pro- 
portional to @*. Hence instead of the usual straight downward course 
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of the melting-point curve at the beginning, it presents now an 
almost horizontal course. - 


Observation. 

Equation (5) enables us also to compute the melting-point tem- 
perature 7’, of the unsplit compound (i.e. unsplit in the liquid 
phase). (cf. fig. 1). 

Then we have namely a=0, x«=0, and we get, supposing 


=, 
Sen 14 LT ee 
ee) EN 


from which follows: 


—ı — ——l9 ——. 0.0.0.0. 0.0.6J( 
ET EA (9 


dT 
4. We shall now derive the general expression for ER all over 
& 


the line 7, A, in which it is only supposed that we have to do 
with ideal mixtures in the liquid phase, so that ihe terms, referring 
to the influence inter se of the different components, are again left 
out. But besides on x, @ will now also depend on 7". 

In two different ways we can arrive at the correct expression 

daT 

for rei 

First of all by total differentiation of the equation (5) with respect 
lese 2) 


ala. ee 


dlog ce, Me dloge,\ dag 
dT Jr de JrdT RT? 


to T. We get then, calling the fraction 


hence 
dlog e, 
ER da 
de q dlog ce, 
nel dT 
N dloge, __dloge,  Iloge, da _ 
EN de Ar de da da 
1 a 1 1— da 
ee Tal 
—a 1+te(l—a) l1—a 1+tal(l—e)) de 
l 2—r da 


= d-a)lital-a)) (-o)(itali-a))de 
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da 
Hence we must calculate Er From (6) follows: 
L 


l da i da 1 da 
-— + — ıil— 1—2) — —— —— 
ade z+a(l—) N Dur z l—a de 


1 1 da ie 
al a 


After reduction we- find from this: 


u See 

dx cz +2all—e«) 
Substitution yields now: 

dloge,_ _ 1 ®: a (2—x) 
de _ (-od+tel-)) Atal—e))@t2el—)) 
PH 
= 7 An) (e+2e (1—2)) 

en dlog.c, 


Irus we find in, the same way: 


dloge,__Ologe,  Ologe, da _ log, da 
ar oT dealer da Tar 


because c, is not directly dependent on 7. This gives further (see 
above): 


dloge, _ 2—ı da 
dT  .., (A-a)(ttall—2))dT- 


d 
So we calculate me From (6) follows: 


1 da 1—) da Leide 1—2 da 2 
adT Fer 1-adl Irall-o)darT, RE 
log K 2 j NEN 
38 nr nv when A represents the heat of dissociation. 


By solution and reduction we find: 
da 


SR «a (1—a) (1+a (1—x)) («+a (1—)) (b 
a © +20 (1—.) 2 
In consequence of this we get: 


dlogo, 2 al2-2)(@+a(l—x)) 
UT reden) 
l | 
If we now substitute the values found for eh aa 


da at in 
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R aT 
the last equation for 7 we get finally: 


DL 
at 1l—x @©+2a(1—.) 
ee 2— 2) («+a(l—.) . ' 

1 De +ei=e) 

+20 (l— x) 
Le, 

EI RE | © 8 
ETD EN Ne En (6) 


when for g-+ ete. is written Q, i.e. the Zotal heat of melting. 
This formula, combined with (6), indicates therefore the direction 
of the melting-point curve throughout its course. 
In the second place we could have derived the same expression 
from tbe general equation (4). As namely w=w'+ RTloge,, 
du, _RTdloye, 


we have Te ER assuming u, to be independent of «and 
hence: 
dloge 
RT: o 
17: da 
a 


al : 
Substitution of the above found value of _ yields immediately 


(8). But now we have still to prove, that really the total heat Q is 
represented by 
2-2) (@t+a ia), 


©+2a (l1—) e 


Q=g+te 


This takes place in the following way. If a quantity dn of solid 
substance passes into the liquid phase, the total quantity of heat 
absorbed is evidently: 


da 
qdn + a dn + (l—a)A — dn. 


For q is the pure latent heat of melting, if only non-dissociated 
molecules are formed. But of the dn mols. an amount a dn is dis- 
sociated; the heat required is adn.A. Finally the existing condition 
of dissoeiation « of the 1—x mols. will be changed by the addition 


da 
of dn new mols., namely to an amount da) An. For (1—e)a 


dissociated mols, become (l—x) (a + da). 
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da dad e m 
Now Be And from Imre =n, 2=m follows 2 = ar 
da m da da 
h = - — 1.90 — = —ı0—. 
ae dn (mn)? z da de 


Dividing by dn, we find therefore for the total quantity of heat, 
absorbed per Gr. mol.: 


da 
Q=ga+mM— alla) —A. 
de 


d 
Substitution of en from (a) yields then after a slight transformation (9). 


Let us now put <=), then we find from (8) on account of the 
factor ®: 


(5) =°- 2 Kr Ar ae 


If « is very small, this horizontal course does not continue long. 
For with small x we may write: 


ah ARTE 
da Q x+2a' 


As soon therefore as x becomes so large thet 2a is small with 


respect to x, the fraction approaches I 1, and the normal 
& 


DA 
+20 
course is restored. The greater therefore «, the longer the almost 
horizontal course will maintain itself in the neighbourhood of 7". 


If « absolute = 0, then may be replaced by et 
04 


[4 
© +2a (l1—«) 
from the beginning, and we have immediately the normal course, 
given by 


yielding : 


Also 7, and 7%» then coincide. 


5. In fig.1 also the line 7,B has been drawn. This would be the 
melting-point line, when instead of an excess of one of the products 
of dissociation, an excess of an indifferent substance C’ was added. 

The equation (5) remains then the same. But now (6) becomes 
different. We have now namely: 


A) 
AB A B © 
(1—.e) (1—.) all—.x) al—«) &, 
together again 1 + «a (1—x) molecules. 
Hence the dissociation isotherm becomes: 
all— x) x all—a) ..Adoa)(l-a) K 


N N i N ER, 
or 
. 1 


— —-K 
1—a 1+ae(1—x) 


a 


(10) 


Now « does not decrease with x, butincerease. The added indifferent 
substance C' may viz. be considered as “diluent”, whereas in the 
preceding question the addition of one of the products of dissociation 
depresses the degree of dissociation «a. 

If we solve from (10) again «, we find in this case: 

1% 


K 
a Gr 2 RE 


By putting 20, it appears again that &,, so that we 


er: 
must solve « from 
a’(l--ı) + a,’au — a,’ =, 
in which «a, is again provisionally assumed to be independent of 7. 
(Cf. $ 3). 
Now we find: 
a a, | '/,a,a + Via’? + (1-2 ]:(1- e), 


so 
(1—a) (1-2) = (1) — a, | '/,a,@ + VW] 
l+al-)=14+0[- '\ae + YV] 
The quantity oceurring in (5) under the sign log becomes then: 
(1-2) + !/,a,’® —aV 
1—'!/,a,’2 + a, V 
Now V aa” + (1-2) = 1/2 '/s(1—a,’)@* 0. SO that the 
above fraction passes into 
1—,—'/,(1—a)(2 +0,)2 + '/a tl — a,’)@’ ... 
1+0,—'/,a(1+0)e —'/a(l — a,’)8”.... 
i. e. into 


(1 Es a) l— '/,(2 = a,)® I hol an a,)@° 2 -] 
(l Het — "fsa,8 — Yal — a,)@* ...] 


or into 
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l—o, 


l+a, 
ÖOwing to this we get: 


gfl ' 
—bg[l = — "00 ) 7 ET) 
0 


1. —'/),a,0” ...]. 


or 
Te 

z ; IA Ei Ri ZRB me = 
RT, 

or finally, substituting, Q,—=g-+ a, for q (cf.$3), and 7‘? (1- Q «) 


ori 
RTET RT 
TE = 0, [»+(1 +1), — Q, )*| ‚ « (55) 
which approximate expression will now at least hold for values of 
© < 0,26. 


SR 
6. A general expression for il. the case in question may be 
L 


most conveniently calculated from (4). (cf. $4). Then we get: 


dlog ca 
dT on de 
dan. re 
where 
‚dloge, _Ologe, DOloge,da _ 
a 9 da de 
lt 2—ı da 


—  A-a)(l+tall-2)) (-a)(l+tall—a)) de’ 


da 
But now = is different. From (6°) we find viz.: 
2 


2 en Ina 1 1 i da 
ade  1-ade I 1+a(1—x) | eh = 
yielding : 
da _ afl—o) 


da (1—2)(2—ar)’ 
so no longer negative, but positive as it should be (see above). After 
substitution we get: 


dloge, SIR 1 an a(2—) fer 
de ° ıl-a)ll+all—e)) (1-22 —ax)l+a(l—x)) 
2 


d-a)@—an)' 
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so that we find: 


OR ARTEN 8 
ae a ee 


’ 4 h d 
In this Qisagain=g+al— x(l— a) = A. After substitution of 
& 


; d 
the just found value for z ‚ this becomes: 
L& 


2—ı 
ae ER LA 


For 2=0 (11) becomes now: 

& BE ER 
da ET Q% IR gta 

So the melting-point curve has now also at T=[T, a perfectly 
normal course. 

For practical purposes we can determine more or less accurately 
the value of «, from the approximate equation (5a) (for small values 
of x), which according to (7) renders also an estimation of 7’, possible. 
The value of Q, must then of course be known. It can, however, 
also be calculated from the accurate determination of the initial course 
of T,B (with indifferent admixture), according to equation (11a). 


(11°) 


ak 
If we then determine = once more for that same line for x = 0,1 


or 0,2 e.g., we can find Q by means of (11), i. e. 


men 
g+ar— ar DER 


—ıa® 


supposing ihat we may put a=a, by first approximation. We find 
then by subtraction of the above found value of g+ «,A the value 
(1—a.) 
2—-a,@’ 
known.. 


of a,2 so that of A separately. Also g is then separately 


Appendix. The approximate equations (5°) and (5°) might also 
have been derived from: 


BT LE 
ent 


m 


dT 
With (5°) we find then easily from the value (8) for FE that 
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dT 0 d’T 1 3 | =)= RT’ HE : 
(2),= Ft 2 dv HE? da = Q 2a, 


ET 3 /d1 
and ( ;) -— (2) . In this it is noteworthy, that on account of 
u 0 0 


d 2, \da 


9=4+ E — a (l—.) Ak also (2) 


dT RT,” @T 
With (5°) we shall find from (11): (=) alien : ee = 


2 fol: aT: dQ 
Ei ex u 0 er » en, 
== ( +1/,o, 0, )G ) Here too ) 


Chemistry. — “On oeimene and myrcene, a contribution to the 
knowledge of the aliphatie terpenes.” By Dr. C. J. ENKLAAR. 
(Communicated by Prof. P. van RomBurch). 


(Communicated in the meeting of Januari 27, 1906). 


The aliphatic terpene group, discovered in 1890 by SEMMLER !), is 
characterised by the absence of closed rings; the terpenes of this 
group possess, therefore, three double links in an open chain. The 
first aliphatic terpene described was anhydro-geraniol, which SEMMLER 
prepared ?) from the aliphatic terpene alcohol geraniol by heating 
the same with potassium hydrosulphate. This terpene has not yet 
been obtained pure, and has been but little investigated. A naturally 
oceurring terpene of this group was found by Power and KLEBER ’) 
in oil of Bay (the ethereal oil of Myrcia acris D. C.); it was called 
by them myrcene. The sp. gr. (0,801 at 15°) was much lower than 
that of the cyclie terpenes (0,840—0,860), the molecular refraction 
and the addition of bromine pointed to the presence of three double 
links. With permanganate myrcene yielded some suceinie acid, on 
treatment with mixed sulphurie and glacial acetice acid an alcohol 
was obtained, having the odour of oil of bergamotte, which was 
taken for linaloöl on account of its oxidation to eitral. Myrcene oxi- 
dised in contact with the air, and polymerised even at the ordinary 
temperature. In his studies on caoutchouc Harrızs ‘) has for some 
time considered these polymerisation products as elosely allied or iden- 


I) Ber. 23, 2965 (1890), and 24, 201 and 682 (1891). 
2) Ber. 24, 682 (1891). 

3) Pharm. Rundschau (New-York) 1895, no. 18. 

*) Ber. 35, 3256 (1902). 
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tical with caoutchouc, on account of similar nitrites being formed 
from them. > 

On treatment with sodium and alcohol, SrmmLer !) obtained from 
myrcene a dihydromyrcene, which induced him to suppose the presence 
in myrcene of a conjugate system of double links. In connection 
with the formation of suceinie acid from myrcene, and of laevulinie 
acid from dihydromyrceene, he constructed the following formulae : 


for myrcene: for dihydromyrcene: 
C C—C C —C 
Ex ee 2 ARE 
6, Ve=iO Er) C—cC 
2 3 Pe 6 3 3 L 6 
en Ka 


For a long time, myrcene remained the only known naturally 
occurring alliphatie terpene. CHuapman’) also found it in the oil of hops, 
Power and KLeber ’) rendered its presence probable in the ethereal 
oil from the leaves of the Sassafras tree, BARBIER *) in the ethereal 
oil of Lippia citriodora. At Buitenzorg, however, van ROMBURGH °) 
found that the leaves of a variety (sub-variety) of Ocimum Basili- 
cumL. contained an ethereal oil, in which occurred a still unknown 
aliphätic terpene which he called ocimene. Apart from its odour it 
was distinguished from myrcene by a greater index of refraction, a 
more powerful absorption of oxygen, and by the peculiarity of passing 
into an isomer at its boiling point at the ordinary pressure. The 
molecular refraetion of ocimene gave a considerably higher value 
than the caleulated value for C,,H,, so that the proof of the aliphatie 
character of ocimene was, as yet, wanting. 

The further investigation of ocimene was yielded to me by Prof. 
van ROMBURGH; the ocimene formed the subject of my dissertation‘®). 
My research, which at first concerned only ocimene, had soon to 
be extended to the aliphatic terpenes in general, particularly to 
myrcene and the isomer formed from ocimene.. 


1) Ber. 34, 3122 (1901). 

2) Journ. of the Chem. Soc. Trans. 67, 54 (1895) and 83, 505 (1903). 

3) Pharm. Review 1896, Chem. Centr. Bl. 1897, II, 42, 

4) Bull. Soc. Chim. [3], 25, 691 (1901). 

5) Verslagen van ’sLands Plantentuin te Buitenzorg, 1899, p. 48, and These 
Proe. III. p. 454. 

6) C. J. EnkLaaR, „Over ocimeen en myrceen, eene bijdrage tot de kennis van 
de aliphatische terpenen”. Acad. proefschrift, Utrecht, Dec. 1905. A more extended 
communication will appear in the Rec. des Trav. d. chim. des Pays-Bas. 
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The three aliphatic terpenes investigated by me (the isomer of 
ocimene proved later on to be also an aliphatie terpene) form together 
a closely related, natural group which, according to my struc- 
tural formulae, embraces the dehydratation products of the terpene 
alcohol, linaloöl, which oceurs so widely in _the vegetable kingdom. 
The ocimene obtained by distillation in vacuo over metallic sodium 
is an optically inactive liquid of an agreeable ester-like odour, which 
possesses the following .constants : 

Sp. gr.,, nd... b.p. at 30 mM. b.p. at ordinary pressure. 

0,8031 1,4857 81° 172°,5. 


Whilst it boils constantly at diminished pressure, the boiling point 
at the ordinary pressure does not remain constant for a minute, and 
after 25 minutes the original product is found to be nearly wholly 
converted into an isomer, which boils 17° higher than ocimene. By 
fractionation in vacuo it may be obtained pure, and it then possesses 
the following constants '): 

sp. gr... nd. b.p. at 12 mM. b.p. at 750 mM. 
0,8182 1,5296 81° 188°. 

The myrcene was partly prepared by myself from the oil of Bay, 
for another part I used a myrcene, most willingly held at my 
disposal by the firm of Schimmer and Co. In accordance with others, 
I found for the myrcene the following constants: 

SP. 8T.,, ndA, b.p. at 760 mM. 
' 0,8013 1,4700 166° 

At the ordinary temperature these terpenes are stable, except 
myrcene, which then undergoes a slow polymerisation; the isomer 
of ocimene is pretty soon altered in strong daylight. The chemical 
reagents which can be absorbed by unsaturated compounds are 
readily taken up by these terpenes. Up to the present, however it 
has not been possible to isolate well-defined additive products, with 
the exception of the compound formed from myrcene and hydrogen. 
Crystallised derivatives of these terpenes are as yet quite unknown, 
which very much impedes their detection in ethereal oils and their 
investigation. If the chemistry of the alipbatic terpenes is not to 
experience the same fate as that of the cyclie terpenes before WALLAcH’s 
researches, it now becomes all important, to devise a further charac- 
teristic, based, if possible, on erystallised derivatives. The following 


!) This change of ocimene into an isomer has been noticed and already communi- 
cated by van Romsurch (l.c.). The constants I found agree with those previonsyl 


observed by im. I followed his directions for the preparation of ocimene from 
the ethereal oil, 
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eontains a description of some derivatives obtained from the terpenes 
ocimene and myrcene; -from ocimene and myrcene a crystallised 
dihydrotetrabromide (m. p. 88°), from ocimene a phenylurethane 
(m. p. 72°) from the new terpene alcohol ocimenol, obtained from 
ocimene, from myrcene a phenylurethane (m. p. 68°) from the corre- 
sponding terpene alcohol, myrcenol, which had not yet been recognised 
as a new product. 

As will be shown, the preparation of these erystallised derivatives 
enabled me to confirm with certainty certain facts already surmised 
and to find a few new ones of great importance for the further research. 

As regards the additive experiments, it may be mentioned, that in 
the bromination the final point is diffieult to observe on account of 
colorations; in the case of both ocimene and its isomer the quantity 
absorbed seemed to point to the presence of three double links. 
Of some more importance is the behaviour of these substances 
towards oxygen. With some other unsaturated hydrocarbons they 
share the property of absorbing oxygen. The isomer of ocimene does 
this in a very striking manner. When a glass plate is moistened 
with this liquid, it is found to be changed after half an hour into 
a flm or resinous crust. Ocimene does this also very strongly, 
myrcene a little less. The final point of the absorption seems to be 
reached after the fixation of two atoms of oxygen '). 

I have specially investigated the behaviour of ocimene towards 
permanganate. There is no question here of the isolation of glycols 
such as WAcnEr has obtained from many unsaturated substances. 
Even should a glycol be formed with a same number of carbon 
atoms as ocimene, this is very rapidly oxidised by the permanganate. 
As oxidation products are formed in large quantities carbonie acid, 
acetic acid, oxalic acid, acetone and a small portion of higher fatty 
acids, also traces of some non-volatile acids, among which is perhaps 
pyruvic acid. In a very weak solution of acetone, the oxidation 
takes place more moderately. After the absorption of 9 atoms of 
oxygen the discoloration of the permanganate ceases; according to 
my determinations 25 °/, of the ocimene is then oxidised to carbon 
dioxide. The greater part of the oxidation products is, however, 
volatile with the acetone; a very small quantity of a sirupy glycol 
gave on oxidation with hydrogenperoxide a little carbonie acid, 
acetone, acetic acid and in addition a fair amount of a non-volatile 
acid, which is probably malonic. acid. It is remarkable, however, 


2) In connection with the researches of Eneıer on the oxygen absorption of 
the fulvenes and of Warzach on that of phellandrene, I hope to further investigate 
this matter. 
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that in the oxidation in acetone solution no acids higher than acetic 
acid were formed and besides not a trace of oxalic acid with hydrogen- 
peroxide. I am therefore of opinion that those substances owe their 
origin to migration of double links during the oxidation. All 
this causes that, I, for one, consider the structural formulae based 
on oxidation experiments with such very changeable substances as 
very untrustworthy. One should also be very careful in drawing 
conclusions from the isolation of small quantities of the more typical 
decomposition products, as these may have been yielded by impurities. 

Notwithstanding the beautiful researches of Tırmann and SEMMLER ') 
on geranial, eitral, ete, the structural formulae of none of the mem- 
bers of the aliphatie terpene group seems to have been sufficiently 
established as was only recently shown by Harrızs oxidations with 
0ZOne °). 

Meanwhile I had tried, whether ocimene could be hydrogenised 
like myrcene by means of sodium and alcohol. This proved to be 
the case. Ocimene, therefore, also contains a conjugate system of 
double links. The hydro-product, which I obtained, had the compo- 
sition C,H,,°’) (I will call it in future dihydro-ocimene) ; it is a 
very mobile liquid of an agreeable odour. For its constants I found 
the following values: 


Sp. gr.,, nd.,, b.p. at 761 mm. 
0,7792 1,4507 166°—168° 


whilst SEMMLER *) states for dihydromyrcene : 


sp. gr. nd. b.p. 
0,7802 1,4501 171°,5—172°,5. 


The temperature, at which the specific gravity was determined, 
and the barometrıc pressure at the boiling point are not stated ; at 
770 mM., the boiling point of dihydro-ocimene is, however, but 
little higher. Owing to this difference of 6° in the boiling point of 


1) Ber. 28, 2126 (1895). 


?2) Ber. 36, 1933, 2998, 3001, 3658; and 37, 612, 839, also Harrıes und 
SCHAUWECKER, Ber. 34, 2987 (1901) and Harrızs, Lehrbuch der Org. Chem. by 
V. Meyer und P. Jacosson, Il, 754. The above-standing was written before the 
latest publication of Harrıes on this subject appeared (Lieb. Ann. Jan. 1906). 

?) In the combustion of these substances with copper oxide in an open tube 
the carbon is often found a good deal too low, but in the closed tube with lead 
chromate the exact values are always obtained. On the strength of his analyses 
Cuarman also concluded at first to the presence in oil of hops of a hydrecarbon 
C,oHıs which by further investigation proved to be myrcene. 

%.l. c. 
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the said hydrocarbons, these were not considered as identical in the 
provisional communication. A second point of difference was the 
obtainment of a crystalline bromide from dihydro-ocimene. When, 
afterwards, I repeated SEMMLER’s experiments, I found the boiling 
point of dihydromyrcene to be the same as that of dihydro-ocimene, 
whilst the other constants (as far as could be ascertained) agreed 
with those of SEMMLER ; I found the following values: 


SP: Er... nd, b.p. at 761 mm. 
0,7852 1,4514 166°—168° 


Like SEMMLER, I found that myrcene and its hydro-product have 
the same boiling point so that, probably, SemmLeRr’s statement is 
based on a mistake; for other investigators also state 166° as being 
the boiling point of myrcene. 

The now probable identity of the hydro-products became a certainty 
by the bromination of dihydrumyrcene. As stated, dihydro-ocimene 
had given me on bromination a crystalline bromide; from the oil 
obtained at ürst, it erystallises to the extent of 12—14°/,. After 
repeated crystallisations froım methyl alcohol it forms snow-white 
erystals which melt, sharply, at 88°. Analysis and determination of 
molecular weight pointed to the composition O,.H,,Br,. In .most of 
the organic solvents, this bromide is readily soluble, but in methyl 
alcohol only to the extent of 1,2°/,; on boiling with sodium hydroxide 
and also with silver oxide and water an oil smelling of peppermint 
is obtained. From dihydromyrcene I now obtained the same bromide. 
The oil obtained by SEMMLER soon solidifies when, after being purified, 
it is put away to crystallise in a cool place; by applying a littie 
artificee I succeeded in instantly inducing the crystallisation. The 
identity was proved by the fact that this bromide like all its mixtures 
with dihydro-ocimenetetrabromide, melted, sharply, at 88° and also 
that the solubility of dihydro-ocimenebromide was practically not 
affected by addition of this substance. 

This now completely proves: 

1. that both ocimene and myrcene are aliphatic terpenes. 

%. that the dihydroproducts of these terpenes are identical. 

From this it follows — and this is probably of more importance 
still — that we may now deduce the structural formulae of ocimene 
and myrcene from the obtained data. 

As regards myrcene, owing to its connection with eitral and 
dipentene '), it was already fairly certain that, like all aliphatie 


1) Power and KLeber, |. c. 
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terpenederivatives as yet known, it is a derivative of dimethyl- 
2-6 octane: 


C C— IN: 

S 7: a U CH, 
RL H,C—CH, 
H, 8 7 


On account of the proved identity of the bromides, ocimene should 
also possess this earbon skeleton. Now when we accept the correct- 
ness of the hydrogenation principle of conjugate systems '): 

San Soee a 
ee er Hs ART 
it is, in the carbon branch formation of dimethyl 2— 6-octane, only 
then possible for different triönes to give identical dienes, when these 
triönes possess the following conjugate systems : 


: Ger : EN 
% r “ : % FErER \ Le G 9: Im 
nn C — c” C C — C Er 
Sr Br Be ne 


and when the third double link occupies the same position in both 
formulae, and is not conjugate with the other double links. For 
this thira double link 1 or 2 is the only possible position ; on 
account of my experiences as to the oxidation of ocimene, I should 
be inclined to accept the position 2, although the position 1 has still 
quite as much right of existence?). Perhaps, as SemmLer believes, 
myrcene may contain both forms (ortho and pseudo form). 


Dihydro-ocimene and dihydromyrcene then assume the formula of 
dimethyl 2—6 octadiene 2—6 : 


!) For exact details and the literature of this hydrogenation principle, I must 
refer to my dissertation p. 26. I wish only to point out particularly, that my rule is not 
based on the theory of Tuıeze, but has been deduced in a purely empirical manner. 
I, therefore, make a distinction between the addition of hydrogen and that of other 
substances which may prove more 'complicated. 

2) Admitting for this third double link the position I, yet another couple of 


formulae seems possible; on account of other facts the latter must however be 
rejected. 


C Ge 
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which has already been agreed to by SemmLer on other grounds. 
Which of the above formulae, however, belongs to ocimene and 
which to myrcene? A choice is only possible on the strength of other 
data. As has been stated, SemmLer had assigned to myrcene for- 
mula Il on account of the formation of suceinie acid in the oxida- 
tion. Independently of him and these considerations, Ihad constructed 
for ocimene formula I as the result of my oxidation experiments, 
but without attaching any value to this. A closer consideration of 
the above formulae, coupled with the peculiar behaviour of ocimene 
on heating, as observed by van RomsBurGH, led me to the discovery 
of a fact, which rendered a choice possible with great certainty. 

In one respect formula I differs characteristically from formula II 
namely by the presence of the double link 5, which forms an 
asymmetric system with the carbon atoms combined thereby and the 
groups attached thereto, and so gives an opportunity for the existence 
of a geometric isomerism. The transformation of ocimene into its 
isomer led me to think that these two substances might be geome- 
trically (stereo-) isomeric. Geometrical isomers are often readily con- 
verted into each other on warming ; for instance, WIsLIcENnUs noticed the 
transformation of the one bromobutylene into the other on distillation. 
The hypothesis advanced by me was easy to verify for on hydro- 
genation the same dihydro-ocimene ought to be formed from the 
isomer as from the ocimene itself. This proved indeed to be the case. 
The physical constants of these materials were indeed identical as 
is shown from the following table: 


Sp. gT.,, nd.,r b.p. at 761 mM. 
dihydro-ocimene 0,7792 1,4507 166°—168° 
dihydro-isomere 0,7793 . 1,4516 167°—168° 


whilst the original products exhibit strong differences as is shown 
from the subjoined '): 


sp. gr. nd. b.p. at 760 mM. 
ocimene 0,8031 1,4857 172°,5 
isomer 0,8133 1,5447 188? 


1) The constants of the isomer have been determined with the aid of a purer 
preparation than those previously communicated. On heating ocimene some by- 
products seem to be formed. 
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With this I consider the identity of these hydro-products and the 
geometrical isomerism of the terpenes as proved. The isomer of 
oeimene 1 will call in future allo-oeimene. It is remarkable that 
allo-oeimene deviates 6,31 from the theory of BrüRL; its index of 
refraction is also greater than that of tlre hydrocarbon and it has 
also a strong dispersion power. This, as Brünu thinks’), is perhaps 
connected with the presence of a conjugate system of double links. 
Provisionally, one shöuld be careful in drawing conclusions as other 
substances also exhibit such differences. Allo-ocimene is, however, 
in this respect a unicum in organie chemistry. Dihydro-ocimene on 
the other hand exhibits the correct refraction. The deduced geo- 
metrically isomerism was also very much supported by the behaviour 
of the isomer towards a mixture of sulphurice and glacial acetie acid. 
Whilst ocimene remains for the greater part unchanged and is, to 
a small extent, converted into an alcohol, allo-ocimene is for the 
greater part converted into a polymerisation product, whilst there 
is left a small quantity of terpene, which proved to be nothing else 
but ocimene. This typical difference between the two ocimenes is 
perhaps connected with the particular tension which the ethylene 
link may attain here. Possibly, at the moment this ethylene link 
opens, the two connected atoms of three molecules combine to form 
a cycle of six atoms; a substituted hexa-hydrobenzene derivative 
would then be formed; the polymerisation product would be this 
triterpene. 

The regeneration of ocimene from allo-ocimene under the influence 
of dilute acids renders the analogy complete witlı the isomerism of 
fumaric and maleinice acid, After what has been said, it isno longer 
doubtful, that ocimene, ‚which possesses the double link 5, is repre- 
sented by formula I, whilst myrcene is represented by formula II, 
which has now been deduced independently of the results of the 
oxidation. But few instances of geometrical isomerism have been 
noticed with hydrocarbons and this is the first known in the terpene 
series. It seems to me not impossible that the absence of the eyelie 
link has given nature the opportunity of forming a labile geometrical 
isomer; it is remarkable, however, that this has taken place without 
any admixture of allo-ocimene. I hesitate to pronounce just now an 
opinion a8 to the nature of that geometrical isomerism with oeimene 


and allo-ocimene; the following projection formulae seem to me the 
most probable. 


?) Ber. 38, 761 (1905). 
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ocimene: C=(C 
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allo-ocimene : 6 


I am still engaged with this 
geometrical isomerism and the 
other substances deseribed, I 
soon hope to make a further 
communication abeul the 
alcohols formed from these 
terpenes. 

Of late, after this research 
had already been partly 
finished, SABATIER and SENDE- 
RENS have made some valu- 
able additions to our methods 
of research of the unsaturatea 
compounds. I am engaged in 
applying the same to the 
aliphatie terpene group and to 
the sesquiterpenes. Dihydro- 


ocimene, which cannot be 
further hydrogenised by so- 
dium and alcohol, eagerly 
absorbs hydrogen at. 180° 
under the influence of reduced nickel; a nearly odourless liquid is 
formed which boils at a considerably lower temperature and contains 
only traces of the original product. It consists, probably, of dimethyl- 
2.6.octane, the as yet unknown foundation of the aliphatie terpene 
group. The aliphatic terpene-alcohol, geraniol, also reacts with nickel 
and hydrogen; the reaction product is a liquid, possessing a particular 
odour, it contains, besides some water, ahydrocarbon, which probably 
is identical with the hydrocarbon, obtained from dihydroacimene 
and a substance of a higher boiling point, which I suppose to be the 
saturated alcohol, corresponding with geraniol. 


Chemistry. — “On some aliphatic terpene alcohols.’ By Dr.C.J. 
ENKLAAR. (Communicated by Prof. P. van RoMBurGH). 
(Communicated in the meeting of January 27, 1906). 


According to the process of Bertram and WALBAUM !) terpene 
alcohols may be obtained from terpenes by digesting their solution 
in glacial acetic acid for some hours with dilute sulphurie acid at 
50°—60°. The aliphatic terpene ocimene, discovered by van ROMBURGH 

ı) D. R. Pat. No. 80711, Journ. f. Prakt. Chem. 49. 1. Also compare WarzacH 


and WAıker, Ann. 271, 285, and Power and Kıeser, Pharm. Rundschau (N.-York) 
1895, No. 3. 


(794) 


and investigated by myself‘), was treated by me in this way 2). 
The greater half of the ocimene operated upon was recovered 
unaltered while a small portion underwent polymerisation. At the 
same time an alcohol was formed, the quantity of which was about 
10°/, of the ocimene used. Tnis aleohol was an agreeably smelling 
liquid, which gave the following constants : 


SDeLETH, nd,, B.p. at 10 mm. Mol. Refraction (M.R.) 
0.901 1.4900 IT 49.22 
(caleulated for C,.H,,0|7 is: MR = 48.86) 


The analysis had given the composition C,,H,,O. 

This alcohol, probably an aliphatie terpene alcohol is, therefore, 
formed by the addition of. the elements of water to ocimene. In 
properties it does not correspond with any of the already known 
aliphatic terpene alcohols, as is shown by the following table: 


SDSIT,,, nd B.p. at 10 mm. 
geraniol : 0,882 1.477 11.62 
nerol ’): 0,8814 112° 
myrcenol (BAR»ıER): 0,901 1.477 9% 
linaloöl : 0,870 1,464 86° 


On account of its formation from ocimene, I call this new alcohol 
ocimenol. The investigation of this ocimenol is still of a provisional 
character. 

The beautifully erystallised phenylurethane, wbich I could prepare 
from it in good yield, renders it possible to characterise and readily 
investigate the alcohol. This urethane, when recrystallised from dilute 
alcohol, forms white needle-shaped cerystals, which melt without 
decomposition at 72°, whilst according to the analysis, it has the 
composition C,,H,,O,N. I am still occupied with the regeneration 
of ocimenol from its urethane and the closer investigation of these 
substances; however from the fair yield of this urethane, and the 
absence of oily by-products, it seems that the product obtained from 
ocimene is mainly a simple alcohol. 

For me, the study of this alcohol was of particular importance 
as I wanted to compare ocimene in this respect with myrcene. 
Several investigators have been already occupied with the alcohol, 


1) Compare my previous paper and my dissertation. 

2) I worked according to the directions of Power and Kıeser. 100 parts of 
terpene were heated with 250 parts of glacial acetic acid and 10 parts of 50%/ 
sulphurie acid for three hours at 40°. 3 

8%) Nerol is distinguished from. geraniol by a more delicate odour of roses, by 
not combining with caleium chloride and by yielding a diphenylurethane melting at 52°, 
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which is formed from myreene in the manner indicated ; their state- 
ments, however, are often diametrically opposed. 

Power and KıeBer'), who first prepared it, took it to be linaloöl 
on account of its odour and the formation of-citral on oxidation 
with chromie acid. BARBIER ?”) declared it to be a new alcohol; on 
oxidation, he obtained no citral but another as yet unknown aldehyde. 
From the results of the oxidations he deduced for this alcohol, which 
he named myrcenol, a structural formula, which had been given 
already by Tiemann and SemMLER to linaloöl. In a further research 
on linaloöl, he gave as his opinion?) that it was not a simple 
alcohol, but a mixture, and also that its main constituent was not 
optically active, a reason why he rejected the formula of T. and S. 
SEMMLER *), however, looked upon myrcenol as a mixture already 
partly converted into cyclic products, and upheld his linaloöl formula 
against BARBIER’s objections. 

I prepared the myrcenol according to the directions of. Power and 
KLeBer. The greater part of the myrcene was recovered unaltered 
(6°/,), a small portion polymerised whilst the alcohol had formed to 
the amount of about 20°/,. For this alcohol distinguished from linaloöl 
also by its intense, agreeable odour, I obtained the constants attributed 
to it by BARBIER, who, however, had a much langer quantity ofthe 
alcohol at his disposal : 


SP-£T.,, nd,, Bp. at 10 mM. Mol. Refr. 
myrcenol (EZ): 0,9032 1.4806 97—99° 48,44 
2 (B): 0,9012 1.47787 99 48,34 


MR, caleulated for C,,H,,0|7 = 48,16 


My analyses also pointed to the composition O,,H,,0. I do not 
consider this alcohol to be perfectly pure as it has not got a quite 
constant boiling point; it seems still to contain a more volatile fraction. 

The closer investigation of this substance has, as stated, led to 
differences of opinion. It seems to me that these have been caused 
by the different methods used. The formation of eitral in the oxidation 
in acid solution is no reliable test for the presence of linaloöl as it 
may be yielded also by other alcohols. BARBIER showed, however, that 
on oxidation of myrcenol with chromie acid an aldehyde was formed, 
having the same formula as citral, but not identical with the same. 
He regenerated it, for instance, from its oxime, and obtained a 


yLe. 

2) Bull. Soc. Chem. [3], 25, 687 (1901). 
3) Bull. Soc. Chem. [3]. 25, 828 (1901). 
4) Ber. 34, 3122 (1901). 
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semicarbazone melting at 197°, whilst citralsemicarbazone melts 
at 135°. Here we have a difference in the method of research. 
Power and Kıeser tested for eitral by converting it into eitryl- 
naphtoeinchonie acid; in this way a possibly formed ketone — I 
presume myrcenol is a secondary alcohol — must have escaped their 
notice, whilst a little eitral thus detected may be simply a by-product. 
On the other hand, semicarbazone, made use of by BaARBIER, iS 
according to others unfit for testing for citral. BARBIER may have 
obtained the semicarbazone from the eventually formed ketone, the 
main product, whilst a little admixed citral may have given the 
aldehyde reactions. Moreover BArBIER’s oxidations with permanganate 
in aqueous solutions cannot be taken as decisive for the differen- 
tiation of myrcenol and linaloöl '’). 

Instead of investigating the oxidation products of myrcenol, I have 
prepared from the alcohol itself a crystallised derivative, in the form 
of a phenyl-urethane, melting at 68°. The analysis again pointed to 
the composition C,, H,, O,N. This urethane has been prepared in the 
same manner as WaALBAUM and Hürnie ’) prepared the phenyl-urethane 
from linaloöl; the latter melts at 65°. By means of the phenyl-urethane 
obtained from myrcenol, it could be decided very readily and distinctly, 
that the alcohols, myrcenol and linaloöl, were totally different. The 
mixture of racemic linaloölurethane and myrcenol-urethane melted 
at 60°—62°; the depression of the melting point sufficiently proves 
the non-identity. The alcohol, which is characterised by the phenyl- 
urethane melting at 68°, is also the main product of erude myrcenol. 
I obtained from this a yield of nearly 60 pCt. of erystallised urethane; 
besides this alcohol, a little linaloöl may possibly be contained in 
the myrcenol (the hydration product of myrceue); the formation of 
some oily urethane in presence of the crystallised substance might 
even point to this. The facts mentioned render it possible, however, 
to decide the matter. By regenerating myreenol from its urethane, 
the properties of pure myrcenol may be ascertained. I am still engaged 
with this. Of this alcohol, myreenol, it may be stated that it is a 
typical derivative of myrcene; its constants differ from those of 
ocimenol, in the same manner as those of myrcene do from those 
of ocimene; the tendeney towards polymerisation of myreenol is 
still larger than that of myrcene. 

For ocimenol and myrceenol I devised provisional structural formulae?), 
based on their formation from the terpenes ocimene and myrcene. 

1) Compare previous communicalion. 


3) Journ. f. prakt. Chem. 67, 323 (1903). 
3) Dissertation, p. 73. 
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I have not been able to obtain the above racemic urethane of 
linaloöl by mixing d- and /-linaloöl and preparing the urethane from 
this racemie linaloöl; nothing but an oil was formed, which could 
not be brought to cerystallise. Still, from each oil separately (d-cori- 
androl and Z-linaloöl, the latter obtained from Scuimmen & Co.) I 
obtained the urethanes at once crystalline. In order to obtain racemic 
urethane, I was obliged to mix these urethanes of d- and /-linaloöl 
in the proportion of their optical activity. The latter, however, had 
not been determined ; in fact it was doubtful whether they were 
optically active at all. Wansaum and Hürnıs, who desired to prove 
in this manner the identity of linaloöl derived from different ethereal 
oils, have overlooked the fact, that alcohols of such varying optical 
activity as those found with linaloöl (from 1° to 35°) could not yield 
the same phenyl-urethane. 

Racemice urethane has generally quite another melting point than 
the pure optically active substance. I was, therefore, obliged to fill 
this void in their research. I found that the yield of erystallised 
urethane, which only amounts to 15°/,, when one works according to 
their directions (time of reaction one week), may be increased to 
85°/, increase of the time to three months. The urethanes formed, 
which all melt at 65° are optically active in proportion with the 
optical activity of the alcohols started from. They consist of mixtures 
of racemic urethane (probably a racemie compound) with the opti- 
cally active component, which in a pure condition shows a rotation 
of 23° 27’ in a 200 mM. tube and has the m.p. 66°. The rotation 
of pure optically active linaloöl under the same conditions may also 
be calculated from this; it then becomes 35° 27’, whereas the highest 
observed rotation of the natural substancee amounts to 35° 14’. 
This alcohol appears, therefore, to be very strongly subject to race- 
misalion, even in nature. By the facts stated it has, therefore, been 
proved that linaloöl consists of a simple optically active terpene 
alcohol ; the incorreetness of Barsızr’s formula for linaloöl and 
myrcenol has been demonstrated, whilst the linaloöl formula of 
TıEMANN and SEMMLER has received support. 
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Physics. — “On the propagation of light in a biawial erystal around 
a centre of vibration.” By H. B. A. BockwinkeL. (Commu- 
nicated by Prof. H. A. LorENTZ). 


(Communicated in the Meeting of January 1906). 


In the eleetromagnetie theory of light, it is of interest to determine 
the electromagnetie field in a erystal due to an action, taking place 
in a certain centre ©. In order to fix the ideas, we shall assume, 
that in an element of space r at the point O there are certain 
periodie elecetromotive forces (EZ. M. F.). There will then be a radiation 
of energy from (0 in every direction, the amount of which will 
depend on this direction with respect to that of the E. M. F. 
and to those of the axes Ööf electrie symmetry. Our object is to 
investigate this dependence, at least for points at a great distance 
from O0. We might for this purpose use the results of GRÜNWALD!); 
this physieist however takes the equations in the form they assume 
for a rigid elastice body and does not operate with an E. M. F. as 
mentioned above; we shall therefore treat the problem independently. 
Our method will consist in reducing the question to one of plane 
waves, by using a formula, proved by Prof. Lorentz. In this formula 
a continuous function Of the coordinates is represented by an integral 
over the solid angles of all cones having their vertices in O and 
filling the whole space. If the E&. M. F. is €e then 


at 1 08 
=- (lo BR Bee De (1) 


where dn is the element of a line of arbitrary direetion within the 
cone dw and ® a vector given by 


Ban|Erdos. gie a 


the integral being taken over the plane, passing through the point 
considered, perpendicularly to n. Hence, 38 depends on the coordi- 
nates, but in such a way as to be constant in every plane perpen- 
dieular to n. By (1) the original E. M. F. has now been decom- 
posed into a great number of infinitely small vectors, the effect of 
which can easily be calculated, each of them being constant in 
planes of a certain direetion. Thus we determine the field, produced 
by each of the elements of the integral (1) and then compose all 
the fields obtained in this way into one resulting field, which, 


1) J. Grünwaı. Über die Ausbreitung der Wellenbewe N i 
gungen in optisch i- 
achsigen elastischen Medien, Borrzmann Festschrift ( 1904), p. S18, Bars 
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according to the principle of superposition, will really be the one 
produced by the whole E. M. F. Each of the separate very small 
fields will consist in a propagation of plane waves having the same 
direction as the planes in which the corresponding element of the 
E. M. F. is constant. The problem will therefore indeed be reduced 
to one of plane waves. 

$ 2. In order to find the small field, corresponding to a cone of 
definite direction, we shall take a system of coordinates OX', OY', 
OZ', the axis OZ' coineiding with the axis of the chosen cone and 
OX', OY' respectively with the two directions of the dielectrie 
displacement, belonging to plane waves, normal to OZ'. The wave 
that has its dielectrie displacement along OX' will be called “the 
first wave”; the other “the second wave”. 

Again we take a system of coordinates OX, OY, OZ, the axes 
of which coincide with the axes of electrie symmetry. Denoting the 
components of the electric force along the first axes by &,,€,,C, 

Or 
and supposing all quantities to contain the factor e = we have to 
satisfy = following equations 


BE,- (div E—- mE 8, (Er +& )+2,,(%y +Ey)+E,,(€r +& | 
A&y- (iin) | euer + +++ |) 


AE = Adi g—- er, er + EC) tE,l&y HE te Er + | 


It will not give rise to any misunderstanding that we have denoted 
dw 0?% 
In? 02 

The quantities &, occurring in these formulae, have particular 
properties, because they relate to special directions. These properties 
will show themselves in the following development. Since, according 
to the preceding considerations, @* depends only upon z’, we shall 
find for € a solution, likewise containing only z'. By this hypothesis 
the equations (3) become 


here by € the expression — 


en si am | (Sr + &% )+2.(&y+ Ey )tE3(&r + &% | 
z 
a, 4? BE (4) 
U ertnttErt 
z 


et, (Er =: €) 35 En (£y a6 €) 1 27) (Er s &%) 
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$ 3. The last equation of (4) shows, that there is no dielectrie 
displacement in the 2’-direction. Further it is evident from these 


equations, that € has no share in the disturbance of the state ofthe 


aether at a distant point. Indeed, € and €, being zero, the equations 
are satisfied by tbe solution 


C—6d, Ey, Bra 


At the distant point €) is zero, therefore €, is so likewise. Electro- 
motive forces acting within a layer bounded by two parallel planes 
and directed perpendicularly to these planes, do not therefore 
produce any disturbance of equilibrium at a distant point. 

We eliminate €, between the first and the third and between the 
second and the third equation. 

This gives 


IE, An? EINE 2 &,E 
KA TE en FE, 3 u 1A De ee 
EB ar (a 2) +t6z)+ (*. ws )® -e Ce, J 


OL 4n’ € ]3&g3 a e En 
Zar = — ars ((& FE zn ee nu Er) + (*. Fo er) (Ey = | 7 


38 


According to what has already been said, these equations, if no 
E. M. F. are acting, must have one solution in which €, is zero, 
and another in. which €, vanishes. This would follow from the 
equations themselves, if we knew the above mentioned properties 
of the quanlities e, occurring in them. Conversely, we shall be able 
to deduce these properties from the knowledge that the two solutions 
must satisfy the equations. Indeed these solutions can only hold if 


€]3€93 
Cs) 0 .Z— 0 
Ey; 
and 2 @ a 6° 
Me - V,= 
’ 3 Y P} 
E15 & 

23 

Sin Eya 
&z; Ey; 


where V„ and V,, are the velocities of the plane waves in the two 
cases. By this the equations take the form 
9°C, 4n? E An? 
PL — _—— (Ey ES & ). = er TE 
T’Vy % Tıyy 


whereas the ‚third equation of (4) gives €, when €, and E, are 


(&G+E%) . 06) 


known. We see from (5) that €, depends only on &-, and E,only 


on &, further that both equations have the same form. We can 
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therefore confine ourselves to considering only the first; in doing 
so we shall write V instead of Vz. We shall have to remember 
however that after having found the result that is due to the X”’-com- 
ponents of the E. M. F. we have still to add to this a second amount 
given by the Y’-component; this amount can be written down at 
once by analogy with the first. 

$ 4. The general solution of the equation 


re i 
al) 
is given by 
; Onzı ai Inz' ganz 2! ; 2nz’ 
=. Vie. Vai fe. IV de. . (6) 
9a 9 


The lower limit of these integrals is arbitrary, so that, as could 
be expected, two arbitrary constants occur in the solution. It is 
easily understood, that in the final result there will likewise be a 
certain indefiniteness. Indeed both a propagation towards O and one from 
O will be contained in it. It is suffieient for our present purpose to 
consider only the first solution and in order to leave aside the second 
we have to give completely definite values to the constants, as will 
appear in the following manner. We consider the two planes perpen- 
dieular to OZ’, tangent to the boundary surface of the space r; let 
these planes be determined by the equations 


jem.h, and a RE 
Then, since &e stands for 
1 0% 
— mm — [0)} , 
87° 02” 


it will differ from zero between the planes and will be zero in the 
space outside them. The first integral of (6) must vanish for 


BD. 
and the second for 
:!<—h. 
This is only possible, if 
9, < — h, and 
SH 


For the rest g, and g, may have any value satisfying these une- 
qualities; it is evident that the result of the integrations will always 
be the same, if we take into account what has been said about the 
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values of €e, We shall therefore put , —= —h, and g,=,, so that 
2nz’ ‚ In! 2nz’ 58 2, 
ido FR „ 'Ty ido ' 34 ‚ 
u! de Zee a Wi 
= re a er ee 


_ h, hg 


$ 5. In effecting these integrations we have to distinguish whether 
or no the point P, for which we intend to determine the state 
of radiation, lies between the two just mentioned tangent planes. First 
taking the latter case, the second integral of (7) is zero for positive 
values of 2’, whereas in the first case we may take A, instead of 
2’ for the Be limit. EB, 7 parts gives 


ha 
Be 7V,, S* 
02" el 


—hı m hı 2 


ha ‚One 
Ne BEE ee ' Tv 
en —. 
t 


Now @e can only be represented by (1) if it is a continuous 
function of the co-ordinates, but we may imagine nevertheless that 
at tbe boundary of the space r, W and 0W/dz' have arbitrarily 
small values. These quantities may therefore be taken zero.at the 
boundary; as to ®, this has already been done in the considerations 
of the preceding paragraph. Hence the first terın, given by the 
integration by parts, vanishes; the second may again be integrated 
by parts, so that finally 


a 


ha 
0° 2, ev, Se Ir de: 
de ea 

Ss a2N 


The exponential factor under the sign of integration may be 
replaced by 1. Indeed, if a certain length /, of the same order of 
magnitude as the linear dimensions of the space ? is very small in 
comparison with the wavelength 2 of light, we may omit terms 


Ale T 3 
containing products of „ and quantities of the order = Now 


R.— IE, do 


the integral taken over the portion of a plane 2’ = const. Iying 
within r. From this we infer 


ha 
j® dz' =|e dr 


integrated over the volume r. We shall represent this integral by 


( 233) 


Er, denoting by € a certain mean value of the X’-component ot 
the E.M.F. within . We may now write 


ha ar 2 
PR, "TV ,, 4n’Cyrt 
= ee 
02'? T:V? 
—h 
Similarly 
ha " Inz’ e 
03 a. oe TV ur An?Cyr 
ee gap‘ 


—hı 
an integral that has to be used for negative values of 2’ less 
than — h.- 
$6. If lastly 
—h<<h, 
the point P lies between the tangent planes and both integrals differ 
from zero. We find by some transformations 


4 3 Inz’ . Inz’ R Inz' 2 e Inz' 
FM, iv, _ IB. iv „2x an Tr 
Be an — | Wure " y 
02” 0 z' TV Vz: 2 
u —hı 
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9: M,, RESTH Ki RB, ER. Ki ar RB, BR R. 
02" det TV 
ha 
2’ Inz’ 
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in IR, e dz' 
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So that in this case the X’-component of the electric force is 


given by 
‚anz’ z' ee 
idw ‚An A FRE T PY 
z = - wa pm‘ j® N 
—h, 
4 anz’ ha ‚are! 
ae er 
—_ Fi e ’Iye Tar| . 


2! 


Since 2’ lies between —h, and A,, we may replace the exponential 
factors by 1, hoth before and behind the sign of integration. Then 
we find finally 

1st, If P lies between the tangent planes 

Wr in&yr 
Pr AT 


( 734 ) 


Ind, If P lies outside these planes 
a. For positive values of z' 


f ge Rn 2nz’ 
int TV 
Go do 
Zar V® 
b. For negative values of z’ 
5 ‚2 nz' 
uch irkur !TV 
u do. 


x — 


a Tv» 
The Z’-component of the electric force consists of two parts, one 
of which corresponds to Er, the other to €,. Having already omitted 
the Y’-component, we shall take only the first part, €,ı, of the 
Z'-component and add the second part Ca to the Y’-component 
afterwards. Then by the third equation of (4) 
1.0?W, ei 1 9%, 
ein ap en 
87? de” 8% Sn? 02” 
It appears from this that outside the tangent planes &, and €, 
are connected with each other in tlıe way they always are-in the 
case of plane waves. We may therefore represent the electric force 


Een 


|. 


GE, 
by cos d 
dielectrie displacement in a system of plane waves. Finally we have 
the following equations for the components of the electric force 
along the axes of symmetry 


if 9 is the angle between this vector and the corresponding 


Onz' 
E ina&eır 77 5 
a TOD Wi 
Inz’ 
inBehr -i— 
ee IP a ae 
8 
’ e „Inz' 
inyeor in 
a og a an d 
© 2T°V° cos rY 7 


where «a, ß and y are the direetion 'cosines of the eleetrie force with 
respect to the axes of symmetry. For negative values of z’ the same 
forııulae will apply, provided that 2’ be replaced by — 2‘. 

$ 7. In the preceding equations the symbols €, €, and €, were 
used for the (small) electric force, produced by a single element of 
the integral (1) in a point P, lying at a given distance r from the 
origin 0. We have seen that the expression for this small eleetrie 
force took a different form according to the point P Iying or not 
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lying between the before mentioned tangent planes. Now the direc- 
tions for which P lies inside these planes are those excluded by a 
certain cone Ä, which. may be defined as the locus of all normals to 
another cone, having its vertex in P and tangent to the boundary 
of the element of space r. On the other hand, all direetions of wave 
normals, for which 7° lies outside the tangent planes are included 
by the cone X. It is clear that this cone will differ infinitely little 
from the plane passing through 0 perpendieularly to OP. 

We may therefore find the total electric force by integrating the 
right hand members of the equations (8) with respect to all direc- 
tions Iying within X and then adding to the result the quantity 
obtained by integrating the expressions relating to the remaining 
direcetions. In effecting the first integration we must replace 2’ by 
— z' for negative values of z', according to the remark made at the 
end of $ 6. But we may as well limit the integration to half the 
cone K multiplying the result by 2. Again, we may extend this 
integration to the plane 7; indeed the right hand members of (8) 
contain r as a factor, so that it does not matter, whether or no an 
infinitely small solid angle is included in this integration. 


It remains to consider the expressions 


E My in &,'r 
BAY 23 7 Taaaeı 
l MR, 8,08, €; > 
rl, ee ri) 
Er = ng e 2,00: ) " 


which have to be integrated over all directions outside the cone Ä. 

Now, from these expressions we get the components along the 
axes of symmetry by multiplying them by finite factors. It is easily 
seen that terms already containing the factor r may therefore be 
omitted, so that we may write 


Ü, 
a eh 
ER 1/00 &s =) Er 
Ey —— Eu F, + 87° ( 02" = Es dz'? 


$ 8. We shall resolve this last vector into two other vectors, 
the components of the first being 
Es 


DV 
len ‚ u=—- —- &%, 
2T?V Es 


! and those of the second 


Ey 


1 9, Er EDIT 
Ey == 0, Eri zn = dw. 
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The first vector has again the same direction as the electrie force 
in plane waves whose normal coincides with the direction we are 
considering; its components along the axes of symmetry are therefore 

MR ’ DIR; R] 8 7 
EETEEITERE, Ne aut or. EI ie Sei, 
2 T’V? cos» 2T°V°? cos 9 2T?V?cos% 


.> 


EC o,€, 

Now ®W,, is of the order /? and the integration is to be effected 
over a solid angle of the order /. Thus, confining ourselves to 
directions in a single plane passing through OP, we may regard as 
constants the quantities «,V and°cos 9, assigning to them the values 
they take in the plane F". 

We determine an arbitrary direction in the plane passing through 
OP by the angle 5 which. it makes with OP and its azimuth % 
with respect to a fixed plane also passing through OP. Then 

do — sin & dS dy. 


Now we have for the direetion considered 


Wr = ji E do 


the integral being extended to the portion inside r of a plane @, 
passing through P perpendieulariy to that direction. If g is the 
normal drawn from O towards G, we have 


u ERS, 
Idg| =rsin{d%S, 
giving 
1 
dw = — |dg| dy, 
r 
and 


P2 4 


er 1 a Te 
; el af Rei 
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Here for each particular value of 4, the latter integral is to be 
extended to all values that can be given to & or q. Further 


ES = [11 f& d0—=| (8240 a, 


do |dq| 
is the element of volume of an infinitely small cylinder whose upper 
and lower base are formed respectively by one of the surface 
elements of G and of an infinitely near plane G', *he generating 


lines of the cylinder being perpendicular to @. It follows from 
this that 


whereas 
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| Sf a“) 


is the volume-integral of €, taken over the whole volume of r. 


We have already written for this integral &:r, denoting by €, a 
certain mean value ($ 5). Hence, the first part of the components 
of the electrie torce resulting from the integration with respect to 
the directions outside the cone X, becomes 
2r ar 
® uG, T 1 BE, T 
=. I u, , = 1 —4,&= 
Gr Te rw, 4 vr 2 
0 0 
27 


ar 2 
DR, 
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The second part results from a similar integration of the second 


vector s 
i 1 28, 5, PR, 
Se er a e + = =) dw. 

Now it will appear. further on, that we can only determine the 
exact value of those terms, in which the denominator contains the 
first power of # We may therefore confine ourselves to such terms 
in the whole course of our calculations. The cone over which we 
have to integrate being of the order //r, we may omit terms, which 
already contain r in the denominator. It will be evident therefore 
that instead of 


MR, 0%, 

Du de 
we may take the values of these. quantities, corresponding to that 
wave-normal, in the meridian plane passing through OP, which lies 
at the same time in the plane f. If dz' is a line-element of that 
wave-normal, we have to consider the integrals 


0° 8, 0? ) Km 
! d ı 
f EP dz' and f EP 2 


N 


which evidently are zero, er being zero at the boundary of r. It 
zZ 


appears in this way {hat we need not at all consider the second vector. 
$ 9. We now proceed to effect the integration of the right hand 
members of the equations (8) so far as is necessary in order to 


1 
obtain the terms with —. We shall take the real parts of all expres- 
Y 
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sions and en henceforth by € the whole electric force. Then, 


if Ee— b cos u, we shall have 


„) 


zrabrrT 2n z' 
—E in — ut do, 7 2 
= fe 7 7 (: 2 x GR 


integrated over all direetions on that side of F where z' has positive 
values. We therefore obtain the resultant luminous vibration in an 
arbitrary point P as the sum of small vibrations, belonging to a 
great number of systems of plane waves of all possible directions. 
These vibrations differ from each other in amplitude and in phase. 
The changes of phase are determined by those of the quantity 


z' 


TV 
Since TV means the wave-length in the crystal for the direction 

considered and 2'=rcosS. the phase will vary very much by small 
variations of 5, i.e., of the direction of the wave system in question. 
There is one direction for which 

” 

TV 
takes a maximum value. This is the direction of the wave-normal 
OQ to which OP corresponds as first ray. Indeed, z2/TV is 
proportional to the time in which the vibrations of a certain wave- 
system arrive at P and this time is really a maximum for the 
system whose normal is OQ. We shall prove, that the resultant 
vibration at P is the same as it would be, if we had only to do 
with wave systems of this latter direction and of directions in the 
immediate vicinity of it. To this effect we shall fix our attention 
on an arbitrary normal ON, making an angle $ with OQ, writing 
y for the azimuth of the plane NOQ with respect to a fixed plane, 
which passes through OQ, and for which we might take the plane 
POQ. We shall not however introduce wand $ as variables but p and 


14 
u= 0b, 


if V, is the velocity of propagation of the plane wave, having OQ 
for its normal. Further we put 
Int 2nr IT 
mh 7A a — nF du dh 


Then 
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if . is the value of u for the direction OQ. Indeed the directions for 
which % = const. lie on a cone surrounding the line OQ, just because 
u is a maximum for that line. We first integrate with respect to % 
and put 

2r 


ab, Tr > 2 = 
(Fr sin. = /«. ee ( ) 
(0) 


The result is 
& = [FW sin (mu — 1) du a ee 
ug 


$ 10. An integral such as (13) has already been considered by 
KırcaHorr. For great values of g it approaches uniformly to zero 
and at infinity it may be represented by a development of the form 


a, Q, 
Eee ru 
Bd 
‚It is only the coefficient a, that can be found. Integration by parts 


of the integral gives 
0 


fr sin (gu — h) du = 
1% 

The first term, taken by itself, gives a sufficiently exact result for 
points P, lying at distances r from 0, which are large in comparison 
with the wavelength of light; in the following development we have 
in view EN such points as satisfy this condition. We put therefore 


1 ee F (us) c08 (gu cos (gu, = — (0) cos h rk, 


F(u,) cos (gu, —_' — (0) cos h +5 u 
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We shall first consider the part 
ar 
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so that for u=0 or cs5=0 


Now 


Sin ® 
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We may further deduce from the consideration of the spherical 
triangle, defined by the direetions ON, OQ and OP, that frru =0 


cosd) (2 
cost), =). = 


so that 5 
(« 9 ”) 4 z) 
sin = — —| — 
du a v, dy)u=0 
and 
9x 
J(O)cosh 1 Int ab,'r 
== = — c08 — % 
g 2T’r 7" V:eos$ 
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The real part of the expression (9), added to this result gives 
exactly zero, so that, as we could have expected, there remains in 
€, no term with only cos 2nt/T. We need hardly add that this is 
equally the case with €, and €,. 

Finally we have to determine /(w,). Let us denote by 2 the 
solid angle of a cone, formed by directions for which « is constant, 
then 

Or 


„09 
12 = du (sin 9 ap. ee ee 
f) 
Now by (12) we have 


Ir 
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and with a view to (15) we may write for this 
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The solid angle d2, of an infinitely small cone with axis OQ may 
be found in the following manner. We imagine the wave-surface W, 
passing through P, and the polar surface R of W with respect. to 
a sphere of radius unity. Then the point corresponding to P will be 
the point of intersection @ of OQ and R. Further we take a point 
P' on OP prolonged, close to P and deseribe from P’ the cone 
tangent to W. The normals drawn from O to this cone will lie on 
a second eone and this is the locus of all directions for which « 
has the constant value 
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op cos, 


The infinitely snıall cone of normals will interseet R in a curve 
lying in a plane, normal to OP; the plane touching R at the point 
@ is also normal to OP. Let these last two planes, which are 
therefore parallel, cut OP in S’ and S. Then 
0SXO0P=10Sx0P=-1, 


and 
u=08.0OPco#, 
du,=—SS.O0Pecosd,. 
Further 
c0s% 
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if do is the infinitely small surface of the just mentioned plane curve. 
But we have also 
do = an V o,0', SS’ 
if 0, and _', are the two principal radii of curvature of R at the 
point Q@. Combining the obtained equations we find therefore 
d2 Er FR VER ls 
En IRRE 
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so that 
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or by (13) and (14) 
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if p, is the velocity of propagation of the ray OP, as it is defined 

for plane waves. Thus the electric force appears to have the same 

direction as it has for plane waves whose corresponding rays coincide 
with OP. Its magnitude is given by 

IE bu, T v% 0, c08 &, = 2n (1- r ) 

13, T Po 

$ 11. We must add to this a second vibration which may be 

obtained by the composition of all wave systems due to the Y’-com- 

ponents of the infinitely small vectors into which the original 

E. M. F. has been divided. It is this action we have left aside in 
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$ 3; the total electric force produced by it is given by 


ab, TV 0,9, 089, 2m r 

_— 117 8 —|t — — |, 
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if we distinguish by the index 1 the quantities corresponding to the 

second plane wave for which OP is the direetion of the ray. The 

magnetic force too has in both cases the ordinary direction and may 


be derived from the electric force by multiplying respectively by 
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so that the flow of energy is given by 
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The mean flow of energy per unit time is therefore 
& n?c?| b?,, 7’ 0, 0', 608’ 9, ı b?,,, 7? 0, 0', 008’ 9, 
273 p, FE: ; 
The amount of energy travelling outwards in directions lying 
within the cone of rays do’, is 
r? © do'. 
We may finally observe that the cone of corresponding wave- 
normals has a solid angle 
do = _.g' 008’. r? do’ 
so that the total amount of energy radiating from the centre may 
be represented by the integral 


FE al b’, er) 


It is only in the case of uniaxial erystals that this integral can 
be further caleulated. 


Geology. — “On brackish and Jresh water deposits of the river Silat 
in Western-Borneo.” By Prof. K. Marrın. 


(This eommunication will not be published in these Proceedings). 


(March 22, 1906). 


